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(57) 

y-hs&aifc, iw{t^y3> (s io, 

N v ) Jg3a, mti"W> (S i N, ) M3b£8?Jlff5E£ 

(C. a-S iM4£»JlffJl£-t-2>. a-Si^4_hCt. 
S i N, I&ZmBLX. ^-p^Jb«SM5^^-rS„ 
f— hiffi^JB3±K: I TO (Indium Tin Oxide) <DMM 




imm^mm^ y =t>^m^tcmm b 9 zsi?x*ic 
3 >m<DmiBmt>crBf8,2 ti. c comt-> y a 

[fS5jc52] l^ft->';3>KB, Si. N. O. H 

N©jgg#. N/SiibfO. 16Lh 
0. 8JWT-C*D. 0©rgg«fc 9 . 

SYb~>'j3>Jg«. Si, N, HZZf&fttL. N©$ 

N/SiJfcTl. 2J«±1. 6fcTF. 0©?gK 
*J. 5x l 0 "atoms/on 3 «Tf*-5 C t ^^fT S 
1 f BSc©«|g h7>-^*. 

[fS3}^3] ®^{t^u 4>&< ifc-gptc 
[i«*«4] mmitisv^^m^ M632. 8n 

m-COS*T**^ 1. 49tLhl. 6 h^TT&hC t 

[ft*^5] ®^b>"J a>jg«. JgJ5#2 0 0nm 
JW±4 5 0 n mJWT"C* «3 . 

^{t-> 'J a >Jg«. mmft 5 n m £LL 2 O O n mOT? 

£>s c 4 &<&mt-r sit^ 1 b 4 i,>ma>faig© 
[aregrs] y- vtmmiiciz&m&BmL. c© 

iatay- h ibimik. Kfb-> y a >«. ®s*b^ y a > 
m*j<fcy r ^b->ya>M©aji)S{cr0fiX$n. c©& 
SHbs^ y a iifriastf b^ y a >M©JbSP£?a-3 r 
Eg3tt&44fctt. B«ie^b~>ya>M{i. mtmrn 

im&m 7 ] iMbs^ y a 4>«e < 4 spec p 

[fi#3S8] gifts' y a >K». Si. 0. H*£fiS; 
#4 0. N©ift£**5 x 1 0 1 0 atans/cm 1 fi(Tr*5C 
4 4 6 * fctt 7 iei&©i§H h 5 >y * 

*. 

[lt«S9] fWfc^ya^gyBJcCJtBWMb^ya^JH 
©•£ft©KJltt. 2 0 0 n mfci± 4 5 0 nmWTT & «P . 

fJfaEgftS' y a»K©gJl(i 1 0 0 nmfcLhT 
* *) . IWEfitf bS" y =i >M©K/I 5 n m &L± 2 0 0 n 
mtlTC* SCi £$$©4 r SiB^ 6 & b> U 8 
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t, 

y- MftKKtt. MMfbS' 'J a >jHfc JrCfSHbi' y a > 
lay- h««KaEK^3ftfcC4%!|#»4r5WHh 

io csn*Bii] y- i-mmhicv- hmmmtjim 

. mriay- flWb2xya>n. Bee<b^ya> 

^*j<fccx^b^y=i>Ji©SBJg«:r?f^$n. c©& 
SHbs/y a >«j*«nE»ft^ y a >M©±gc*s-,ria 
a?ti. auiaa-fbi' y ^j^fufa^NMtii^y axe 
so. Bofa5 c i-*ji'«s®=&t«iay- h^gtca 

20 EK£3tffcC4*1W*4-rS!»Kh-7>£»*4r. 

Cif^S 12] y- HftfMLbCcffiftJBtJBfiR o. c 
©?S14B{c#W*SS-> y a >*flH,»fcHR h?^* 

©^S^fe{c*st,>r. 

mfiay- mmitis y 

3 >K©»e^icr fl*j£<* ti. c ©SYb'> y a >jg#sitJ 
ia#^^B e B '> y a > teg orfco. 

C©Hfi[ft^ya>Htt. ^f4*'^(CSiH 4 . N 
, O. N, SfcBNH 3 ©l^^^fc^ 7 X7C 

30 f©S?it^ffi„ 

[lt«qi 13] y- H^IS±K:r§ttJi^»g)cL. c 
CE>ffittJB«:*««S» 1/ y a ly^m^tcMm b 5 >vx z 
©SSjS^Stciit^-c. 

gtriay- m&itf y a>K*j j;^^ y 

a >e©SJSJSCcr ^JSS n. C ©gfb^ y a »K* s t« 
iB^m^ B B B -> y a xc« u r*» »j . 
ttEi«fb2/y3>«tt. flm^(c««^7>. 

O, . N, SfcliNH, ©il^*'^*ffll^c7 - 7XvC 
V D tc J: o r JgflfT £ C 4 i f h 5 >^ * 
40 ^©iSjg^j*. 

[»*114] y- h*tMLhKj£ttS££j£U C 

WEy- na»Bii*. BaaE<t5/ya>gtoj:c«aEfb^y 

a >l©SIgKTM3n. c ©s<b-> y a >J®#h« 
i^WKf A ^ ' y a > ksi t r *j D . 
WEBMWbi'y3>JBI. ^b->ya>^. IMUSAS'y 

a > * X7 c v d ©iu— sjtarcattWKjBjiw s 

so [1*^15] HftltBLhCcfiSttJBtJBsSU C 



3 

mrs v- v mm\n. . y 3 «t OTSf b-> 'J 

3>M©SMM»ct»jsSS*i. c©£{bt".;=i>§l0*ffir 
K#*ISA5/ y 3 > (eg l r *j «p . 

=»>. MWiaiiiaft^^vcvDOBi— saasraw 

c tt$qi i6] y-h mmm±^\m *bwl o . c 
^ >%mwcm& i- ^>y* * 

we**-- hie***. Kffcfya>jR. mmti/<j=i> 
ftb«fct«afbi'ya>JBKoawiii{cr»i»3ti. c©t 
»ts^ y a >««. wia»{fci' y ^ >m<D±.snzm-? r 

iBSSn^iifefC. fflE&fbS' 'J fltS&N* 

*g£i/y n^Kgltfef)^ 

fWBIWfci'ya^JKB. SiH, iO, ££&Jgfr4:tf* 
£U N, *#JR#*tCffil,>. ^EECVD-C^-r-SC 

[■1*3(17] y-hJftlWLh«:«gtt»jfc3BfiE0. c 

friay- h KsiMtu:. iMbf y 3 >jg. mb^ y a > 
m*s£umttsvzi>m<Dmmmt l cxBm2in. com 

Wits y a >rb. WKiKbi' y a >K(D±95*H-3 r 
WEltfbf y a W«'>7>. o 3 , O, <fc£«c 

[ »#g is] v-v mm±.itrmm zmm l . c 
<o*siM«c#*Bflj-'y 3>*fflc»3ft«Bi f- * 

we**- h iKt^ y a ais<b^ y => > 

B*j:c«ai{b2/y3>»oawBBi»cT«j«sti. c©& 
Sfb5" y a flMBHtti" y a >ig©±g|5£?So r 
sag$ft£££ &&c, mri3S{b^ya»s«. s?ia#* 

arsaffi^ y a >jg« % SiH, iN, o^i&MMtf 

OiSttfftcJMUSAS".; 3 >*fflt»A:»BI h * 

IflBy- HMWtt. ttfbfy=>>M. Bffltt";a> 
■l*J:OTi{bfy3>B|««BiitCcr«JsSS*i. e©i£ 
g< b~> y 3 lirseBHbi' y 3 >|g©_tgp£:?So r 
iss^n^ii toe. wrffi^b^U3>Bitt % ms&m 
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XiU ^9X"^CVD"CJBsW*Ct*«|*«4-r*W 

[Ht3#S 2 0 ] S«±K y- h *agtM±{crStt@*^ 
fiKL . c ©i£1£JI«:?MiJi Ais y 3 >£jgc»fcHr Jffi h 7 

«*»j:wa[{b^y3>*©SMiii(cr»fiSsti. c©& 
10 »ti"j3>Btt. swaiMbi^y3>«©±»*«-»r 

Bfig^ns^^fefc. WBESKb^ya^W*. MTi&ML 
ISA^y 3>tc^ur*jO. 

f&SB&fbS-' y 3 >M©J£l£ $ ft 1 0 TorrJ^T© 

fiSL. C©fiH5fe»{C?M»ttA^y3>*m»WMth7 

20 «ney- h M{b-> y 3 ^a^^ y 3 > 

M*J«tO t ^b>y3>jg©«gK«:-c»fi£$ti > c©^ 
ffibs^ y 3 >m«. swa»fb5/ y 3 >®©±gp?rs-> r 
leg^nsiittc mriB^b^y3>M«. mmm 

«fffi«ai{b^y a>«. Mt->'j3>i, #««SA^y 
3><&t*^xvcvd ©m— sis^raK w K-Bifr? z> 

away- h ^^{i. subs' y 3 »g. mmitis y 3 > 

W»J:c«WbJ/y3>»oSWIBI«:rjBJs63*i. c©H 

^{b-> y 3 Buia»fb-> y 3 >M©±gp^^o r 
iBg^ftSiifeic. wria^b->y 3>jkb. wta** 

y a > tcs 0 r *i 0 . 
^{b^>y3>Jg. fl|fb2xy=i>M. ^NUttA^ya 

40 & 

[■ftps 2 3 ] 1 j&rci c 1 1 <r>ra*>iBKe>flE 

[0 00 1] 

ts«±03Riffl«»] *»wtt. fSttJicc^wiA^ y 

[0 00 2] 

50 [fi£*©S^] fgS€rfflt,i/c*^T<J:0-C». 
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tf/dgj&<Dl>:b^£y ^Xf** F*^^£> (TN) S 
t7^^7F'J^ (AM) fiOSaWrc*-?. (L 

cd) ^asnti^c 

[000 3] *Lt t C07^^7F«;^S$fi 
K»aEEKLfe*»«^y3> (a— S i ) XOffRh 

7>yxj? (tft) ^ffli^hrfco, commb? 

>^x*ti. ffifflitea-S i Jl*fl§i\ ccDSttJl^ 

HftiWRfCtt, mitts (S iN x ) £ffifflT£<D 

[0005] 

[*9B*JW«L/<t5ir-B«H] fit, cne>SiN 
x 4a- S i 4»^^X^CVDrojft»J|^fiJE3&SpI«Br 

C>6nrC^fc<DCD, S i N K tty-f F*> r?y"^5 e 

[0008]*fc. h^MCC3(|CD«it^fflt^« 

^tcfcfc, Wtit*>*Jl> (TaO x ) *BftJ/tf3> (S 
i O x ) JSa4**T»CCE»br. a-S i 4*gT&± 
JtCCSiN, *fflt>S«lBS#s**. CC0cfc^JCTaO x 
^SiO x «c4*Of60Bt4tt*^to-S-SC4CcJ:-9r % 
S i N K OlWBGWtefcjt'^ y-^«a©(E«-WBIB 

*B»o*a*»)rai±*ia4c4*«r»-5. S i o 
x Bitty -f F+> ^y^/Ai^r, ««jR^©«wcca 

8i£Kffij4UrfcS i O, KTtt&CVDtt£®>* 

[0007 ] l/3&>Ltt*S6. a*. «Bh5>^**tt 

^CCS*h5:RK!»4bTl 0 19 -1 0 20 cm- 3 fiStO 
Na^Na-ft>i/j:0 4 C<0N a hjfi* 
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Na Y*>*«astc»tti / ro*5c4tta<*oe>fir 

*>yp^*>^*, &4*tfSiN, 1-^BPSG 
K» BPSGJR*3-f ! --/>y-*-*c44>ja*tt*S3&s 
+#-CttfcC>. S6CC % SiO, WJJKffifcJ^TttR 

10 [0 0 0 8 ] **IBtt, ±teraJHj*CC«*3a:3tife«>© 
[000 9] 

CiBH*)»*r M&H 1 IHtgOiSK h y 

>5>**tt» y.-hlftlWiifcfiHt^^JsSl/, COr£ 

ttHcc^mtSA^ y =i fcam f ^ 

Yb^y =3 jRccr^sn, c<oa<b^yn> 

20 jR^frffi^^isa^y^^Surt^fecDr**. 

[0 0 1 0] W3^2E*S©W«Fy>^ jr» % if* 

Si, N, O t H*£J5R#4U N<D«K#s. N 
/SiJtTO. 1JSSLL0. 8«Tt4 0, 0<om 

ftct5fc^>«t<, ttfb^y3>jgttt, si, n, H££ 

^il, N<D«K*s. N/Sittri. 2JBLL1. 6 
tiT\ 0©«U$a*. 5 x l O^atcms/cm 3 «T"C*Sfc 

[0011] »«a3E«©i*h7>^irtt, a§* 

30 SI *fc«2IBi60»RF^>^^*fC*$C*T. «*fb 

— F- tr>yL3fc*>oT*i. 

[0 0 12] »*a4Btt(!W»Blh7>^iftt % m* 
5 1 &C> U 3 C^-rtl*>S3tt<OWI» F y $tC*5C^ 
r, HS<b^y 3>JKtt, 2&B6 3 2. 8nmT(DSJf 
1. 49fiU:l. 6 5KK*S<)OT«5o 

[oo i 3] if*3i5fa«gcDSMhy>^x^«, n* 

Si ^0^4C^tl^lHtg<D«Khy>^X^tC^^ 
B®{b^y=i>lRtt, l»*S2 0 0nmeU:4 5 0 
40 nmOTtfeO, Rff**5nmfiU: 
2 0 

[0 0 1 4] B»*16BaBa«BIF^>^X3r« % 

y=i>4fflc»fcWJB Fy>^*(c*jt»r, uriay- h 
tfilkR». Hfb^y3>«. Mfb2/y=i>Blte<tc« 

>Rtt. IJIEBlfb^yn>lR©±au«:Ho-CiBaS*iS 

4 4fccc, iwa»b^y=i>Btt. MflB^wiiB^ya 

50 [0015] lf*S 7 IBtg^K F y >SPX is* 



«. 4>&< tt>— gP(CP*i«tO'B©l»m*>— -ft*: K- 
£>yi/fcfc©r&S. 

[0016] fS*^8 §zt&<Dmm h 5 lit* 
JR6 *fc«7IBtg©SMh v>i?x*«:*ji»-r > gtfbs-' 
';3>IB> Si, O. H*±J&#£U N©igg#5 
x 1 O io atans/crf iHTV$)i> i><DT$>i> 0 

[0017] m?m9 MSMvmm h ^ >v>* it* 
r. K{b^ya>KfcJ:tf^{b^ya>e©^#f-©K 

2 0 0 nmfe(±4 5 0 nm«Tt?*0, #>o. gy 
fB&gfb> U a >JK©®J1« 1 0 0 n m«±r* 0 . I? 
1 2^f fci' y a >®OJg^5tt 5 n mfcLh 2 0 0 n mJWTf 
3>-5fc©-C*S„ 

[0018] is*]® i oiatgo^M f y 

- ^©SMh^i^^tCfct^T. y-hite^Jg« v 

g^{fc'> y a zsmtezumtis y a >^©SJIfliicTjg 

J&Stt. C ©Sfbi' y a>0|#fin&MMiR*s y n>tt 

[0019] m&m i i i2tg©»je f- ?>v>x y 
±ct«i4jf Srj&i&u c©ffitt@(c#«ss^ya>^ 
FM<Dmmi7>isx3n,ctsi,>x. Mtsy- 

MfiNkKtt* i<t->'J3>E StSft^ya^JRis^cF 
g{fc^;a>goiil{i:Ti^$ti, c©ittE^k£/y 

a >M«mri5^fc^ V a>gi©_bg|5£?g-,T:gBg;*ft. 

tvcsf t-> y a >m^mm¥mm^> y a > ttg= l . *» 

•ft/cfc©^*^., 

[0 02 0] IM3I1 2fBiS©stJgf-5>yx£©Sf& 
y- h*^M±Kr£SJI£J&J&U C©r£t$Jl 
«2Mt*Sft2xy a>£fflt,>fcj§® h ^ *©Sjg* 

<to'^b-> y a>jg©S(lJg(c-r^$n. c©g{b-> 

y a >K*iB«flB#^S^ y a >{cg Ltfe t> . C ©& 
gYb->ya»g(J. M**tf*fCS iH, , N, O. N, 

[002 1 ] ItjJSg 1 3IBt£©«K h 7>y*£©$gj§ 
y-ht^JSJitc?SttJl£^)&U coimm 
ICttmSiki' y a>£/B(,»/cSJg h7>^ tKDWmft 
ffifcteor. IWsy- H6»BI«. KS{b^ya»g*j 
<to'S{b'> y a >s©ajg^{cr0^3*T„ c©a<fc-> 
y n mrf 3#W^^s^ '^xcSUfcO, Suifl^ 
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[0 022] fS*^ 1 4fat£©SM h ?l'isZ.-$i<Dm& 

Km*. y-h*mm±icimmzmi$.L. c©si±s 
mc^x, m^y-\-mmmit. &gfb->ya>a&te 

J:cx^b^ya>jg©a)iK(cr^$ti.. c©g{b> 
ya>g*SHUlB#Wi(gS>'ya>{cSL/TteO. buIBS? 
^{b->ya»p, S{b>ya>K. ^S->U3>!& 

[0 02 3 ] W3RJ®1 5ia«c©*MI--7>^*£©i§!j£ 
K2HM6»J/y a>£ffiO. *Mfc£g@g£JI5»£U C 
£&(C*fl>r. Bufay- hl&liKtt. ^<b->ya>J® 

fe.fc&SHbS'y a>ig©siiJgccr^3n. c©e{b 
>^^buib^**ss^ y 3>Kgi r . t?ia 

Sf<t->'J3>E ^b->ya>S> ^MMftii^ya 
20 >, ftltS^^^T'^XvCVD©!^— sjcssr^^ 
fc0R£T5fe©r*s. 

[0 0 2 4] ift*^l 6fEtg©i|EJSh7>s;x£©Sgjg 

CC*#tt»S^ y a >?rffit^cTf ■ h 5 f ©Ki*^ - 
fifetcijt^r. mifay- l-if&fiKtt. Kfb>ya>j®, k 
^{b-> y a >K*i j: o*^fb^ y a ^mvmmmic-cBiSi 

C©Kfi^b>ya>^«, fitKBKb^ y a >®© 
±gp*S-oriag3tiSiifc«:. Huta^{b'>y a>R 
tt. ms5.^mm^> 1 J a>K:gbr*j«3. mrlBK-fb>y 
30 a^tt. Si H, iO, <b L,. N, ^ 

mUlXlcm^. ^ECVD-C^gET5fe©T-*S. 
[0025] f»*^ 1 7gB«K©»JS h ^>^^©l?jt 

ffi(c*jt,»r. uiay- M&jgygB:. ^b^ya^jg. m 

SMbis y a >M*J JcCf^b^y a >M©»MJKfCT0fiX 
Sti. c©®^fb->ya>M«. flJia^fb^ y a >m<D 
±a5*^oriBg3nsi<bfc{c. mrta^b^ya>jg 
«. B5iB^m^^>ya>K:gL-r*jfj l Btrias?fb~>y 

40 a>^tt. W^>^>. O, . O, tttjimtfJxt 
[002 6] IS*iB 1 8IBtS©iSNS h 7>^X^©Kjt 

Sfcfct^-c. Hotay- h^^iett, M{bi";a>jg. k 

^b-> y a >&is£Zfmti") a >Jg©SJIK(CT0/S; 

an. c©gssfb->y a>M« v mimit-> y a >m© 
isp^o-cffigsnstifcjc. pia^b->y a>^ 
so 8»a^MUSA^y ^xcgitfci friaK{b->y 
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3>H«. SiH, tN, 0«£&JDKf*#;t<kU 
[0 027] 1 9iBtS©SJg f- 

tc&m&Ekzs y =»*mMcmm f ^ >t?x *©$£s;£ 

Mb~> 'J 3 >J8*5 J: vmitu V 3 >IRcD8UWH(cr^ 

«. we*wsft£'y3>«:«iy'c*«3. wnaiMt^y 

x v c v d ri&KT & & cd-c* Z> . 
[0 02 8] g*«3I2 OIHiSCSK h -?>i>**©ilB£ 

3 >M©±gG££oTIEg;*ft£ SWafcftS'. 
ya^jRtt, flsri#Mu§ji^y3>K:j8L-r:te»), jtuie 

ifb->y3>i©M5nfclf4 l 0TorrJL;{T©JE3£ 

«t a < M»bf y 3 >** jbsw a & ©t-& -a. 

[002 9] UW3B2 1 EilCDffJR £©$gj£ 

>jk. ^^b^y=i>K*j<fcj>'^b^yr3»e©a)iM 

KTJBSSft. C<DKSffc^ya>M». IWBBMb^y 

y=»>jg{*> itrg^^tfea^y=i>ccsor*jo» mrte 
itt{b£"./3>jR. fifb>y3>jg. JMUSBJ/ya^ 
^^vXtCVD ©IH— KfS^raSKfcJtC J&EW -5 4> © 
TNfc*. 

[003 0] 1*^2 2 Rfltoitm 9 >£?*»©»& 
<W§ttJ§«:**ISJii/y3>*ffic>. 

f©MS*a(c*j^t. away- hi&iMtB. Mtb^y 

3 >n. rnmit^ y a >jg*j<t vmitts y 3 >jg©sji 

■ItCTJBfiSSti. C©WWb^ya>BlB. &r£BMb£' 

y 3 >Jg©_bSfl£$S -CiBg? ft & <t £ 4> «c. H«IBS{b 

^yn>Bitt % iJsa#N*fea^y3>{c«iyr*j»3. r 
»bs^ya>ii. afb^y *«aj/!)3>, 
fctf&s&R^ 7'7X7cvd ©m— siesr jftKMtc^ 

fi£TS«>©-C*S„ 

[00 3 1 ] 01^392 3E«©«ftawaft?-tt. IfcftB 

1 Scot, 1 1 l»-rft*>iBfg©WM » 

> 4 0 rfflC »fc 6 ©f * s. 
[0032] 
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L/T. Kftib^yroKb^cnKb^ya^M^i^ 

C ©§< b £/ y 3 >R*s*ttU&a '>'j3>{Cg(/T^5fc 

mm^t~> y n>n» 7 >e f * + ? ^"ciM»tttc« 

ft. ^Wft-ftf^P W^tt^fTrSCi 
^■CtiiifcK, fiMbS^ y a >M«#1IU£BS' y 3 > 

[0 03 3] * fc. 4%$l©!Vgl h 5 £©!££;£ 

tttt. y-h^JSitr. «aifb^y3>iHsj:£ni 
io fbt"ja>ii*fflt». c©aMb^y3>«*«*iwsas/ 

are. mmtticmti. ^mvm-^vvtnm^ «7k 
*wsa^y3>4©««tt*>»6n*. 

[0034] *&. ^ASiOjftAAn^R'T-a. .|f«q| 1 

feli 1/ 1 1 l»-3*ft5&>8E48©£yR h ^>i>Z 

20 [0 03 5] 

[SWS0S] «T. *«9I©-safc«*Ti'y ^ h y 

[oo36]@iB7i'?-^?i-'j *xw&aa&f& 

S (LCD) JCffll»*SBHh5>y^* (TFT) £tk 

r»r®s-c* o . i \mm.^mmrc$> vtct zmx^ x 

(3-r.>^thK7 0 5 9) «0*7X«fi-C, c©# 
1 icit— ffiiK-t y ^7 ; > - £ > (Mo 
-Ta) MtSZ^jASti*. 
30 [0037]*fc. y-t-^S2±fC». c©y-h^ 
@2«:M^cfc'5(C > Jg/50. 3 /zm©^{b->y 3> 
(S iO, N» ) M3a*aJl^L. ISJ10. 
0 5 MmOSfb^y 3> (SiN, ) «3b£SJUfti£ 
b. Cft»E>S i O, N. ®3ateJ:0*S i N, Jg3b©2Jg 

hi^iS3?rtf^-r^„ 
[003 8] ?e.K, C©y-htfiKM3±(C. Kil 
0. 0 5 VmO^f '>y 3y ( a - S i ) *6%5ffi 
tt@ 4 L-t©¥i#ir*^a - S i JS4 ^S^JggET 
•5. ■•EOT. a -S i JH4±{C, M/10. 3 Mm©S i 
40 N, «3b4raBl/r. C©S i N, JStCU^XKctS 

[0039] CCT. Cftfey- hlftKKS. a -Si 

[0040] *r. S i O, N v Jg3a. S i N, JS3b. 
a-S il4i$«tyft^;l^gI5©)B^itT 
«. fci^.HiT?:7'7X7C V DatCTMTS. C 
50 tlh S i O, N» g3a. S i N. ^3b. a-S i ^4*5 
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<fctf^ + *;U«SJ®5©S©JI5i&K:«. -eft-efttcflflij 
>^ ■< >3$©c v D^sr^-r s©*5ffc- 
Jg*lal-©Kic;^T\ lal-^as-cagjfj^rs©^ 

?m-c$>z. -eor. ^xvcvDTM-rsii 

SiN, a-S iK<fc£fctCj£;fr©:rt:S<,>t§£- 
«£*©y- h^S©ASP^{CS i N, 

^*>ffi!&-vit> —ocomfcmxs i n, lia-sii 

£5£S«:««3- £ <t . £j£S©F*3i£a> £^©§ij#ftai£ 

KJ&fiS#£g&-CW;PJ& c 4 ttW 6*»T* o r fe . UK 
±{ifi^fc^ffl-rSC<t*5-C#^c^ 0 0#>U SiO, 
N, JS3at*j£**/hS<-rSC4J^S'C*»). S i N 

i N, m<DBM-*'Pt£<1r Z>Z tWC% Z><0-C > S i O 
, N, «3a«iAUr8MlIl*JBJstr **»^K:t*. [aj— 

Kj£g-c©^sx#+#tc BjffBK^ 

[004 1]*IC. a-S iBUfe<fceF? + :M'&Klt 

5 ±{C/c i ;ttt" Jg/P 0 . 0 5 u m ©ffiffiin3y$fflg 6 * 

[0042] *fc. y-F^Sl3±{C(JITO (Indi 
un Tin Oxide) a>££c£iIiS^@73WI5j?££ft.5 0 
[0043] *t/t\ fii^¥#fl* 8© V 

@2. y-H6*Ml3. a-SiI4. V<-^*«8. 
l/T©S® h^>i?^$ (TFT) XL&gfiSU ffittjR 

[00 4 4] *fc. SZK^i^K, ttttl&HK-?* 

£#5;*3«1 ©— 3Effi±(Cli. I 
&2tf)Wm <* ft . *f [oJ»«22#$(£ 3 ft -5 . 
[0045]^L/T. BISfrlR-^SSlZ©— ±ffi±(C£M 
K1t&*.t£1BM ! **Tm<Dtf t ) J $ K (PI) «>6%£ 

{cfc<t*«EI«{cffis+»rs©P I #><E>&SI5ftJ!S26 

3EM±{C«. £-*©ffirSjJ^25. 26£F^©3£rSifc::ftJfr<h' 

-cs-scitcto. 7fcr>y«c«t4iBini«ia**-5-ft-eft 
ife£ft*„ 3 6k. tes&3£^«i2£*fitns®23£tts 
u©— ilWitiiii/, sti©iBrfi]M25, 26©ge 
famamB&9o- *&-rj:5K:iesu cft6tg»«T- 

S«l2i *t|3jStS23i ®nHtC<:RA27**fA!ti$-r 
[ 0 0 4 6 ] c cr. tm*?£«a2£*tifiiS&23&& 

aaft76nsi*«jEffi*i«incsi< jc^tcBcesfti. -et. 
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r, ffittJR ^««12<h«-rfi]a«23©flfeiMffiijK:«. -tft 
■eft®^«28. 29&»*U ?KA£ct&K (LCD) 30 

[0 04 7] ^tc. H34#Iitt, .B£©«ifia?m$S 
g30£S?j§-r £ y'v XvC V D^g3i©^fiS?:Si?g-r 

s. 

[0 04 8] CC7'7XvCV DSSB31«. «P*«:fi^ 

s 7ss i (ommtfrtx '*m8m*m*.it& 

io »S32£WU C©&iiS32©J§B£Sfe»f#:K:aK9i!ir 
<t^K4o©Slc^33~36 > »n^37*iJ:C>'2o©j®a 

AS3a 39*i@3g:3ftri^„ 
[0049] ^LT, sH*«Ttt54KHS633~36Cc 

igSffitefcf ft l, #-5 xifi i * -7 > v'-t Z> -tf-fe 7'* * 
H^T*?^ S iH. , H, . NHj . N, O, N, , 
PH, . N F a WWrO^^i, F5Y#> 

ta^jfeU/elMz^drte^^Sft. ij 

ft-ci^s. 

[0050] — ^ v ^ja«rtT^c*>^t,^as32. mum 

37. JfitiIA^38, 39K«. N, ©^tt*S?SiK7^# 
>^*6*^MS<!:*SSi^3ftrt>.5 0 -€-Ur. Af^ 
^S«el»jSftffiA^3& 39©t,>-fft*>K:tSA;*ft. itjl 
^32^r. flnl^37«:rTO3ft. *5io^©»ni^ 
SO'ftiiS32*igriSiSS33K:^A3ft-5.. Sfc. 
SJ*:S33r«. ««Sg[3 2 O'CfcriKJIO. 3 am© 
SiO. N v M3a. mmo. 0 5 Atm©S i N, H3b. 
30 JgJSO. 0 5Mm©a-S ij®4. IgJIlO. 3ym©S 

iN, ©^+*^aoi5*ai»jKflEr*. 

[0051] jfefc. cfte>©ra. ra£S33©if-fe7'5f© 

[ 0 0 5 2 ] -t l/t, *7Xlf 1 « v =.fc^aS32 

?rgrlgaA^3a 39©^-rft*(c<t»)jeUi$ft5. a«c 

*S. Sl&S34—36f*SfD^32<i:l5l<iK:S i O n N» ^3 
a SiN, ]§3b. a - S i H4fcJ:!>'S i N, ©? + 

3fifT«Bl3(l*tf«Ct)ft*. 

[005 3]-^. y-httilkR3*&?i'JM'ftBfit 

5 *-c©4@*^r^i— ©SK^33~36r^rs^rj* 
«. t!r^© J: ^ (cim— iasiir^iiw^s©^ ^ 

+-*;i'ffiaie5©JKfiR«t>K:. r£ttJir*Sa-s i^4 
AmMSWtl/$5„ fCT, SiO, N. JK3a> 
SiN, K3fc a - S i l4©31$T^SgfiS3 2 
O'CtCTR— JSj£S33-36rSHL. Sd©JSf5S33~36 

so rs i n, ©^ +-*^«gai5 &mmi%&3 o o -c-cffj 
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fitr*#tt#a&. -fftfc^ H3©^xvcvDig 

■«c«a;S*5i, 2»(Oy-HftlW3»5j:CJfa-S 
i«4©3»tfi3Ea33rjBflS0 % *aS32t»'CSlS 

5 <0 4 A £ -fS 0 r JK^-T & 6 <D «c Jt«rT S i 4Sttt 

**pJ*EK:tt*. io 
[0054] l>rh©»£*>, S i O, N v M3a&ffil> 
SCit, ^-h«IW3<t^«i4 4©aW*j«* 

PI— CDS^33~36r^WWCCtf^C^SCDr, fi£5fcO*I 

[0055] ^CCC, SiO, N v BtSaOJ^JK^n-feXK: 

[ 0 0 5 6 ] H 3 ICTjk? 7? X-7CV D9tMXCSSB& 
33— 3etC*5l»T H Xlfi 1 0 /ctf-fe ZfZ ItC 9 v 

>72H3 2 0 e C^i@gp-r^ e ft*>\ *7^Sgl<Dfi 20 
g«3 0 0"C*>6 3 6 0TOiit*^C<b^l 

6. BS^il/tS i H« , N 2 O*5<fc0fN a £^*a 
**l2 0. 1 2 0, 4 0 0scat»AU SMii'W^OH 
ffi*IBfiBUrSU£*fc£;Uil . 2Torr(cSaBE^-^o C 
©ttlSC. 13. 5 6MHzOWH««2>2 OOWfcEP 

S iO x N v «3a^^X«El±CCit8l3tiS. 
[005 7 ] ft**. ^^^fi«it«-r^MCDM^^A^ 
<^g-T^o Tftfc^ N 2 Ott£«CO«£LT, N 2 30 

BM©aSEO«fc»rc**. *fc. fiRBWO«BEtt0. 

5 — 5TorrSgCDJ2;ffiHrJ5a®^"pItg-C*S3&^ COM 

6 4 0mmtDfiir, ■W©*— ttJC«tlSWPHtWir 

JbiB©iaEBIftfl=rB2 0iiiriSft3j« 40 
iSSr** 0 Sfc, fl»©JB««*fc£;lB2 7MH 
z, 4 lMHz*£t>«5 4MHz£BKT*»£*:fc 
tfel >SBmR*&£<6 4 ft -5* . 
[005 8 ] Sfc. S iO, N v JK3a©JK*4^CC«N 

ft£„ 50 
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[0 05 9 ] — 75*, flttt#XK:S i H 4 (DVtio*) (c#a 

.«\ h«S23&>6il»-r*H^lyacii3«K:^-^ 
IIIII4«3a<tfc+*41ffl#S:8ti l 5E±rtttcl» 

*r6¥fifb;w-c#5. ifc^A/h^y-hSBh^ 
tftWR3«^ar«&. ftfc, WSU^Z/ii/rtt, a 

tW9WiTEOS (Tetraethylorthosilicate : Si 
[OC, H 5 ] 4 ) % TMS (Trimethylsilicate : S 
i H [OCH, ] , K TR I ES (Tri ethyl si li cat 
e: S i H [OC 2 H s ] , v Hexamethyldisilazane : 
[CH 3 ] 3 S i NHS i [CH, ] , v Hexamethyl di 
silane: [XH 3 ] s S i S i [CH,] 3 ) , Hexamet 
hyldisiloxane: [CH, ] 3 S iOS i [CH 3 ] j 
ft£#ft<, ^CTEOSB^&O^ITCBS i O, 

**©rN» JcOfettNH, ©#**ft<, N 2 0-£>N 2 

©»^Ktt^a»*Jifi:*i ft&* 

[0 06 0] ifc, W»^9>©^fcttrc:/y>^# 
e, Ar ft£CD^1±#*£ffll>£o ¥«##fHC:fct> 

[0 06 1 ] ±M<Di><D-Ci>. ^mUtfrV-Jv v*?* 
WfiS-SSKttS i O x N v Ii3aCDffl^CSfc^^ 
®H^*0. S i O x N ¥ JR3attSi. N, 0*5<fcO*H 

0, O/S i*5N/S i iH^^M^o C 

, tt3btCifiC^*sffnSO"C. N/S iifc#0. 3- 
0. 5, 0/Sitb*sl. 2-1. 5 0©Id:T^C4 
^ISlt^o SftWCCB, teiittfS i 0#1. 2 5T 

n#o. 4 5gtt©»«*sa^'rfta Q cti^tta&DtS 

04>ft < i fe C * C <b K J: o r ?f ft 5 . 
[006 2 ] —75". fefflMV&Z> a -Sii4 <bST-5 
S i N, JB3WOJBJffitt, S i , N4$J:afH*^JSS^i 
»N/S iirb^l / 2fcl±iT*3». 
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1. 3 3JW±iT*4&*#*W>. S i N K m3VpttC 

1 O zo atoms/cm 3 J£tT4 t/ttl>4* a - S i 14 <i:0fi 
#aiOT#JB)ST#ttl>. *fc. SiO, N v ^3aCD_h 
tcs i N x KabSrj&srrsor, 9#CC, 15— <DSJ£M33 
- 36tt r £ *§ ^ CC ^ , SiO, N v ®3a<D/£]gf£ 

.-y«HB*«<«*c:iBffiSeK:lHir*©T?, AMI 
l>„ $/c, S i Ox N v m3atS i N, M3b4£|g— <D 

h-Wa5#£lJL 6 0#«T**»*L<. SiN x @3b 
*©0#W«©jB#JSc«5HW: k 5 x 1 0 18 atoms/on' « 
±5X1 0 10 atoms/cm 3 J£{Tr* -So 
[006 3] Sfc, SiO, N ¥ «3a©H/»«r^a>Sfe 

co<boro/s i iN/s i &«W£bfcas % coffi&c 

■T4«ibrJB*r**i*0, SiO x N v «3aCWaJr* 
ttl. 4 9-1. 6 5<DftHr**C<fc#sa*U<r\, * 
It, S i % NfeJ:c;0Oj^J:k*SBffacc>ffi*Sljaur 

&4o\ C<DB*f*ttiSfi6 3 2. 8 n m^<D{fi-C&& a 
[0064] $ 6CC. SiO. N r K3rfD*»SE&tt— 
SPCC, P*tettB*F-tr>yr«A, PSG k BS 
G. BPSGiBIttK:^W»-f*>. »CCNa-f*>* 

y**y>y**s&*w»6*i"&. iih7>^^ii 

ll<Z)«(itta«»-r. S iO x N ¥ Bl3a£i* 

e>0C2»*C#«(IU ^7XlfiU^wy-Hi2 
tCi£C*JBCC©*P* K-t">y*-r4. *Ut. Na-f 
*->ttS i 0, N v «3a0>P# F-f>ystift:S i O 

tt©?^tt£CcHII»**5j:tafSSc<ttS. St*y, P£ 

<Difi^U*, PSF-b^^lfcSiO, N y JBtt3 0 
-8 0nmggt. h«fr2<Dff±K:jg]5£U C<D 
y-h«ffi2©±*#F-e>£/(DS i O, N v JSt?a 
^cn6 2oC0S i O. N v itS i O. N v K3a4T 

[0065] ^fc K-e>yi4y-ht«offl«:» 
JB<D#F-fcT>ys i O. N v JB«*AU F-f>^ 



(9) W8-2 547 1 3 

16 

SiO« N v B3a^OP(D F-tT>yttM*4^ 

kph 3 *»^r«t4r»c*ij % B*F-tr>y 

TZW&lc^ B, H. J/dJBF 3 &4**ffll>ft«J: 
l\ fcftiU tft6P*£l>&BOF-fc*>^&J6U/c 
Jg£^/£^£SJ£^ 33-364, a - S i J| 4 *J&ffiT -5 
EtfcS33^36& J*J5H«:r * C 

[o 06 6] ±a?^j:5cc. M6«at3**«rrs 

S i O x N v ^3a4 S i N x R3b©fflWtt, S i O x N 
10 ¥ M3aCDj^/1^2 0 0 nmfeUt4 5 0 nmWT-C&O, 
SiN, i3b©if^5 n mK±2 0 0 n mWTtt^ 

<w*#*oc>. rat>fe. tfitt&tts i o x n y «3a 

CC. a-S i«4<fc<Z>ffffi«FttttS i N x fll3bfc:^H§;* 
*5 4©r*5*6, S i N x Jg3bfc£S i O x N v M3a 

bmmm 3 300nm-5 0 

0 nmCO|5H3& s jBiE"C**. 

[0067] ^iC, <&0|gtt0i|*H4 *#JHUT»93T 

£ 0 c©B4fc5*-rsiJ6W*>B 1 cc^I960!I4h«k: 

[0 0 6 8] COi4tC/Tl-IIW(i, H 1 CC^-ngft 

5<fc5K:, 0|ff 0. 1 5 um(Dm{ti^)^> (S i 
O, ) j»3c«rJBJ5RU COS i O x R3cBOR«0. 1 
5 um<Dlta{b^y3> (S i O x N v ) ^3d£?f/l^ 
0c U CCDSiO x N v K3dbKlM/10. 0b»m<Dm 
fb^yn> (S i N x ) ®3e£7f5j&U f Lt k B/5 
0. O5/im0a-S il4e^l/cfcO-C*^ 0 
[0 06 9] COJ^CC, ^*-Hftl»«3©— »8C«7-f 
30 F¥+y^(DJEC»S i O x *3c*«t>4C4-C|§a*tt, 

WEE^r^e>{c^#L k — s i o x «©fi*r*s 

KStt^«!»-r*><DpIifltt*S i O x N v K3diO 
Si-C^-L, S6«ctt. a-S i M4 4(D^M^f14 
ttS i N x «3e-C«l«Uri*S. 
[0070] CCt, C©»JRh7>^X*ii©y— h 
mmm3. a-S iR4*jJ:^^*^filKK5©»a 

[007 1 ] S i O x «3cO»JiEtt, ^BEC V 

D, ^lECVD, ^7X7CVD*Sv»BRF^7df 

S i O x N v ■3di<Z>nfCjtffi*iBKF-rS4^o?tC A 
tiWCCBsSWi-ttr. S i O x N v K3d S i N x K3 
e a-S iR4*j<fcc;f t*^SSR5tt, 
riatWIiiaaiK:. /cix.B7*7XvCVDrM1* 

[0 07 2] Sfc, S i O x R3c<WgSECC«BECVD 

s« i *«Jt*a4 o o ^j^tcjsnjiwwjw***. 

50 il3^6n^. ftf^ftfCtt. /cixtf 4 3 0°CCC»D 
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-e*7 1 0 0 sccnu 2 slm, 2 0 slm iATSi, SiO 
[007 3 ] »ECVDttrm^«CS i H 

ftrttttioT, ^f^^u-ytcahfcsio, J® 

#014 On** iB6<DTEOS, TMS, TRIES& 
4*T&9, Cti60JK*4//XOO«Ril/rtt0 2 Ktft? 

»i»SC4#*iarc**. tt*. WEECVDSr««^ 
^>3Q»6fHRUfcS iO x «ttt#KRHtt«:*A/ctr>S 

SiO, N v JR3di©iH*^*>*^e-C**. 20 
[0074] &(C, S i O x m3dD&mczf?X-?C V 

fclHzr/^Ktf^Sffil «r*7>:7SttT3 2 O'Cfc: 
BfiTrS. f it, //7Xl«lcWifl[tt3 0 0W6 
3 6 0'C©«fflr*5C4;WSSl/^. CCDifi^, JSC 

[0 07 5] fur, *7XlfiHC^T^>t7- 
2 0 scan, 8 0 0 scanagA 0 , tctZti&t&W'f&m 

m^BL-cm^tct^t i . 2TorKcniir4. c 

CT13. 5 6MHz<DWHi««*3 0 0W*EPUD-r* 

i3ttw«^G, s i o, micbm^xmmiiiicMmz 

5. SiH« Ct^OTN, O*2 0««JbWI&TS£4 
[0 07 6 ] *fc. !&mm<DKl)te0 . 5~5TorHgK 

1. 8Torr3t«t^-C*4 D *Lt, Wfi^ty- 
SGi&OnOSSnRUl 0mm#>64 0mm(Dffifflt:\ R 

[007 7]*U, SECVDiHft ^X7CV 
DCC*st»r fe, S i O, JS3c©J0R*4//^JCS i H« <D«; 
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OS, TMS, TR I ES&4*#s*£. &*s, Cti^CO 

Oz 3Wff*L<, *tt>5«ffltt*SKl>©rS iO, N v 
M3d4S i O, R3e4©*i#^:btf#£*4ttS. 
[0 07 8 ] ^t, ±jfi©*S6«:J:r>rjgj«l/fcS i O 
x ^3c±GCS i O x N v JS3dSrJ&fiST4<!:*««TO* 
•CffiSTSsfiW^**. COS i O x g|3ctt, 

Tr(tM*£*#£rt^0TfcD, :/^XvCVD<fci3 
tt«EECVD % SiH 4 3RJ;0BWai^>3R4«c*« 
4***#A,-C(,>4. *fc, *»CCIBUft:l»^6CBftfflfe 
«o lfc*ot, S iO x N v JK3d©J|5SECCRLrti 

»t»Hl8«*ftiL/ttt, OTorrfiTF 

4tt< S i O x N v «3cfCa-3T0*5iAt». St*5, 
S i O* J^3c4S i O. N v JR3d©JBRE*sj5BS«r** 
i^Bfc^S^Ci, PtMrc*fc»jflETS4*CC 
fe-S7--^MITS i O x M3c*<D7K#£i§t,>ttJ-r 
C4#a*t/l>. 7^-J««S i O* N V S 

3d©»J5HBfl[J: 0 6 1 0 *C-4 0 -CHRft-Cfftt 5Ci# 
J?£U<, 1^2»-Cfe*-7^*«l<DBS/cWa6"5I 

[0 0 7 9 ] — 3fr, S i O x ®3cOffl^B, Si, Ofc 
J:tfH*±l*»4U SiO, BI*R:ttJgJifc(JffiCCj:-D 

ttNfiDMi*5x 1 0 ta atoms/an 3 KTit^^t* 

[0 0 8 0] ^-H6»«3«r«JSt«-SS i O, 

flg3c\ SiO K N v «3d4S i N,«3e©JR/W*. S i 
O x BSct SiO x N v M3d©^tt-M/?^2 0 0 nm& 
±450nmt(T"C*l S i O x N ¥ M3dO^ 

JW* 1 0 0 n mJtLL, S i N x ®3eOMil^ 5 n mfeLL 
2 0 0nm«T4-rS<O*«»*LC^ ffiftttK 
S i O, ^3c<hS i O x N v JS3d4r, W*ti<t^^ 
4*W?Kiv i O x N v M3cTC v a-S iJS4 

4©»ffi»ttttS i N, !K3e^:^ffiSif ^ e $/c, S i 
O x B3ctt*SW4#^rt>*-^^K^a:t* 

3 6tc, S i O* «3c S 
i O x N ¥ R3d<t S i N K «3e<D*«|J***)-ttfcy- h 
Ife^Jg 3 (D±ftOMi?B, 300nm-5 00n m(Dffi 

[ 0 0 8 1 ] Sfc. ffeOHSS0!l*S5?:#ffSb'Cltt^*r 

^„ coiasfc^Tiiawfeiaitc^riiifiesiEiaK: 
h 2 «csvr**«s*R«3M>— aut«tew ^ 0 
[0082] c cds 5 ttcm-rmmm^ m 1 ccs^-nas 
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[0 08 3] ^CT. y-h^J©3<D^«. SKC £. 
m?mMWtmifaK. S i O, N r K3ai S i N, K3b© [0090] 

[0084] comic?* *fo&fmb<D^ mm<ti"j^^m*sj:vmitis<)=ii>m*mi,K c©g 
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( 5 7 ) [ Summary ] 
[Problem] 

To provide a thin film transistor having excellent 
characteristic , stability and insulation property with high-yield and 
good process consistency. 
[ Constitution ] 

A gate electrode 2 is formed on a main surface of a glass substrate 
1. A silicon oxynitride (SiO x N y ) film 3a and silicon nitride (SiN x ) 
film 3b are laminated and formed on the gate electrode 2. A gate 
insulating film 3 is formed by these two layers. An a-Si film 4 is 
laminated and formed on the gate insulating film 3. An SiN x film is 
laminated on the a-Si film 4 to form a channel protection film 5. A 
pixel electrode 7 consisting of ITO (indium tin oxide) is formed on 
the gate insulating film 3. A source electrode 8 is formed on the 
source region of a low-resistance semiconductor film 6 in the state 
of connecting this electrode to the pixel electrode 7. A drain 
electrode 9 is formed on a drain region and a protection film 10 is 
laminated and formed thereon, by which an active element substrate 
12 is obtained. 
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[ Scope of Claim ] 
[Claim 1] 

A thin film transistor comprising: an active layer formed on 
a gate insulating film, the active layer is made from non- single 
crystal silicon, wherein the gate insulating film is made form a 
lamination film of a silicon oxynitride film and a silicon nitride 
film, and wherein the silicon nitride film is in contact with the 
non-single crystal silicon. 
[Claim 2] 

A thin film transistor according to claim 1 , wherein the silicon 
oxynitride film is made form an element selected from the group 
consisting of Si, N, 0, H as its principal constituent, the N 
concentration of N to Si ratio of the silicon oxynitride film is set 
to not less than 0.1 and less than 0,8 and the N concentration is lower 
than the O concentration, and wherein the silicon nitride film is made 
form a group consisting of Si, N, and H as its principal constituent, 
a N concentration of N to Si ratio of the silicon nitride film is set 
to not less than 1.2 and less than 1.6, and the O concentration is 
less than 5 x 10 20 atoms/cm 3 . 
[Claim 3] 

A thin film transistor according to any one of claim 1 and claim 

2 , wherein the silicon oxynitride film is at least partly doped with 
P or B. 

[Claim 4] 

A thin film transistor according to any one of claim 1 and claim 

3 , wherein the refractive index of the silicon oxynitride film at a 
wavelength of 632.8 nm is not less than 1.49 and less than 1.65. 
[Claim 5] 

A thin film transistor according to any one of claim 1 and claim 

4, wherein the film thickness of the silicon oxynitride film is set 
to not less than 200 nm and less than 450 nm, and wherein the film 
thickness of the silicon nitride film is set to not less than 5 nm 
and less than 200 nm. 

[Claim 6] 

A thin film transistor comprising: an active layer formed over 
a gate insulating film, the active layer is made from non-single 
crystal silicon, wherein the gate insulating film is made from a 
lamination film of a silicon oxide film, silicon oxynitride film, and 
a silicon nitride film, wherein the silicon oxynitride film is disposed 
so as to cover the upper portion of the silicon oxide film, and wherein 
the silicon nitride film is in contact with the non-single crystal 
silicon. 
[Claim 7] 

A thin film transistor according to claim 6, wherein the silicon 
oxide film is at least partly doped with P or B. 
[Claim 8] 
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A thin film transistor according to any one of claim 6 and claim 

7, wherein the silicon oxide film is made from an element selected 
from the group consisting of Si, O, and H as its principal constituent, 
and wherein the N concentration is set to less than 5 x 10 20 atoms/cm 3 . 
[Claim 9] 

A thin film transistor according to any one of claim 6 and claim 

8, wherein the sum of the film thickness of the silicon oxide film 
and the silicon oxynitride film is set to not less than 200 nm and 
less than 450 nm, the film thickness of the silicon oxynitride film 
is not less than 100 nm, and the film thickness of the silicon nitride 
film is set to not less than 5 nm and less than 200 nm. 

[Claim 10] 

A thin film transistor of a reversed stagger type, comprising: 
a gate insulating film formed over a gate electrode; an active layer 
formed over the gate insulating film, the active layer is made from 
non- single crystal silicon; and a channel protection film formed over 
the active layer, wherein the gate insulating film is made from a 
lamination film of a silicon oxynitride film and a silicon nitride 
film, wherein the silicon nitride film is in contact with the 
non-single crystal silicon, and wherein the channel protection film 
is formed in a self -aligning manner with respect to the gat electrode. 
[Claim 11] 

A thin film transistor of a reversed stagger type, comprising: 
a gate insulating film formed over a gate electrode; an active layer 
formed over the gate insulating film, the active layer is made from 
non-single crystal silicon; and a channel protection film formed over 
the active layer, wherein the gate insulating film is made from a 
lamination film of a silicon oxide film, a silicon oxynitride film, 
and silicon nitride film, wherein the silicon oxynitride film is 
disposed so as to cover the upper portion of the silicon oxide film, 
wherein the silicon nitride film is in contact with the non-single 
crystal silicon, and wherein the channel protection film is formed 
in a self -aligning manner with respect to the gate electrode. 
[Claim 12] 

A method of manufacturing the thin film transistor: wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film, the active layer is made from non-single crystal 
silicon, wherein the gate insulating film is made form a lamination 
film of a silicon oxynitride film and a silicon nitride film, the 
silicon nitride film is in contact with the non-single crystal silicon, 
and wherein the silicon oxynitride film is formed by plasma CVD using 
a mixed gas of SiH 4 , N 2 0, N 2 ,or NH 3 as a raw material gas. 
[Claim 13] 

A method of manufacturing a thin film transistor: wherein the 
thin film transistor comprises an active layer formed over the gate 
insulating film, the active layer is made from non- single crystal 
silicon, wherein the gate insulating film is made from a lamination 
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film of a silicon oxynitride film and a silicon nitride film and the 
silicon nitride film is in contact with the non-single crystal silicon, 
and wherein the silicon oxynitride film is formed by plasma CVD using 
a mixed gas of organic silane, 0 2 , N 2 or NH 3 as a raw material gas. 
[Claim 14] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film and the active layer is made from non-single crystal 
silicon, wherein the gate insulating film is made from a lamination 
film of a silicon oxynitride film and a silicon nitride film, the 
silicon nitride film is in contact with the non-single crystal silicon, 
and wherein the silicon oxynitride film, the silicon nitride film and 
the non- single crystal silicon are successively formed in a same 
reaction chamber by plasma CVD. 
[Claim 15] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film in which the active layer is made from non- single 
crystal silicon and a protection film made from an inorganic insulating 
film, wherein the gate insulating film is made from a lamination film 
of a silicon oxynitride film and silicon nitride film, and the silicon 
nitride film is in contact with the non-single crystal silicon, and 
wherein the silicon oxynitride film, the silicon nitride film, the 
non- single crystal silicon and the inorganic insulating film are 
successively formed in a same reaction chamber by plasma CVD. 
[Claim 16] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film, and the active layer is made from non- single crystal 
silicon, wherein the gate insulating film is made from a lamination 
film of a silicon oxide film, a silicon oxynitride film and a silicon 
nitride film, the silicon oxynitride film is disposed so as to cover 
the upper portion of the silicon oxide film and the silicon nitride 
film is in contact with the non-single crystal silicon, and wherein 
the silicon oxide film is formed by normal pressure CVD using SiH 4 
and 0 2 as its principal raw material gas and using N 2 as a diluted 
gas. 

[Claim 17] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film, the active layer is made from non-single crystal 
silicon, wherein the gate insulating film is made from a silicon oxide 
film, silicon oxynitride film, and a silicon nitride film, the silicon 
oxynitride film is disposed so as to cover the upper portion of the 
silicon oxide film, and the silicon nitride film is in contact with 
the non- single crystal silicon, and wherein the silicon oxide film 
is formed by normal pressure CVD using organic silane, 0 3 , and 0 2 as 
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its principal raw material gas, and using N 2 as a diluted gas. 
[Claim 18] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film, the active layer is made from non-single crystal 
silicon, wherein the gate insulating film is made from a lamination 
film of a silicon oxide film, a silicon oxynitride film and silicon 
nitride film, the silicon oxynitride film is disposed so as to over 
the upper portion of the silicon oxide film, and the silicon nitride 
film is in contact with the non- single crystal silicon, and wherein 
the silicon oxide film is formed by plasma CVD using SiH 4 and N 2 0 as 
its principal raw material gas. 
[Claim 19] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed over a gate 
insulating film, the active layer is made from non- single crystal 
silicon, wherein the gate insulating film is made from a lamination 
film of a silicon oxide film, a silicon oxynitride film and silicon 
nitride film, the silicon oxynitride film is disposed so as to cover 
the upper portion of the silicon oxide film, and the silicon nitride 
film is in contact with the non-single crystal silicon, and wherein 
the silicon oxide film is formed by plasma CVD using organic silane 
and 0 2 as its principal raw material gas. 
[Claim 20] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed on a gate 
insulating film over a substrate, the active layer is made from 
non- single crystal silicon, wherein the gate insulating film is made 
form a lamination film of a silicon oxide film, a silicon oxynitride 
film and a silicon nitride film, the silicon oxynitride film is 
disposed so as to cover the upper portion of the silicon oxide film, 
and the silicon nitride film is in contact with the non-single crystal 
silicon, and wherein the substrate on which the silicon oxide film 
is formed is annealed under 10 Torr or less of a vacuum or a low pressure 
atmosphere to form a silicon oxynitride film without being exposed 
into the air. 
[Claim 21] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed on a gate 
insulating film over a substrate, the active layer is made from 
non- single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxide film, a silicon oxynitride 
film and a silicon nitride film, the silicon oxynitride film is 
disposed so as to cover the upper portion of the silicon oxide film, 
and the silicon nitride film is in contact with the non-single crystal 
silicon, and wherein the silicon oxynitride film, the silicon nitride 
film and the non- single crystal silicon are successively formed in 
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a same reaction chamber by plasma CVD. 
[Claim 22] 

A method of manufacturing a thin film transistor, wherein the 
thin film transistor comprises an active layer formed on a gate 
insulating film over a substrate in which the active layer is made 
form non- single crystal silicon and a protection film made from an 
inorganic insulating film is formed on the surface thereof, wherein 
the gate insulating film is made from a lamination film of a silicon 
oxide film, a silicon oxynitride film and a silicon nitride film, the 
silicon oxynitride film is disposed so as to cover the upper portion 
of the silicon oxide film, and the silicon nitride film is in contact 
with the non- single crystal silicon, and wherein the silicon 
oxynitride film, the silicon nitride film, the non-single crystal 
silicon and the inorganic insulating film are successively formed in 
a same reaction chamber by plasma CVD. 
[Claim 23] 

A liquid crystal display element uses any one of the thin film 
transistors as claimed in claim 1 and claim 11 as a switching element, 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to a thin film transistor using 
non-single crystal silicon for an active layer, to a method of 
manufacturing thereof and to a liquid crystal display element. 
[0002] 

[Related Art] 

In recent years, a display element using a liquid crystal with 
large -capacity and high- density had been enhanced in order to 
accomplish graphic displaying, television displaying and the like. 
Therefore, so-called twisted nematic (TN) type active matrix (AM) 
liquid crystal display element (LCD) has been attracting much 
attentions, comprising a structure: wherein two substrates in which 
orientation treatment had been already carried out by rubbing, 
respectively, are disposed so that these substrates are opposing each 
other at an angle of 90 °C, and wherein an nematic type liquid crystal 
composition is interposed between the parallel-disposed substrates. 
[0003] 

Further, in order to realize a high-contrast display without 
arising cross talk, a method of driving and controlling respective 
pixels by switching a semiconductor is employed in this active matrix 
liquid crystal display element. For the good reason that this 
semiconductor switching can allow transmission type displaying and 
that a large area substrate can be easily fabricated, an amorphous 
silicon (a-Si) type thin film transistor (TFT) , which is disposed over 
a transparent insulating substrate, is used. For the thin film 
transistor, a thin film transistor using an a-Si layer as an active 
layer and comprising a reversed stagger structure in which a gate 
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electrode is disposed in the lower layer and a source electrode and 
gate electrode are disposed in the upper layer while interposing the 
active layer therebetween has been commonly used. 
[0004] 

Furthermore, silicon nitride (SiN x ) is generally employed for 
a gate insulating film used for the thin film transistor. 
[0005] 

[Problem to be Solved by the Invention] 

Silicon nitride (SiN x ) and amorphous silicon (a-Si) can be formed 
in succession by plasma CVD, and they have an excellent junction 
characteristic to form a high-quality interface, therefore they have 
been commonly used. However, since SiN x has narrow wide gap of on 
the order of 5 eV, the insulation property thereof is not sufficient. 
[0006] 

Further, as a structure using a different structure for the gate 
insulating film, in case of a bottom-gate type thin film transistor, 
there is, for example, a structure in which tantalum oxide (TaO x ) and 
silicon oxide (SiO x ) are arranged for an under layer and SiN x is used 
for a upper layer that is in contact with a- Si. In comparison with 
a case of a single layer of SiN x , reduction in leak current and 
improvement of yield of an interlayer insulating film can be realized 
by combining SiN x and another film such as TaO x and SiO x . Especially, 
since the SiO x film has a broad wide gap, electric charge to the 
insulating film is hardly injected, and therefore characteristics of 
the thin film transistor is stabilized. With respect to the 
manufacturing technique using the SiO x film, a method in which 
particles are hardly caused had been already established. According 
to this manufacturing technique, density of pinhole defect can be 
suppressed and whereby obtaining high yield for the interlayer 
insulating film. 
[0007] 

However, since the thin film transistor is formed over a 
low-melting glass substrate, about 10 19 to 10 20 cm" 3 of sodium (Na) 
becomes Na ions as impurities that are contained in the glass substrate. 
These Na ions intrude into a gate insulating film to whereby cause 
instability of the characteristics of the thin film transistor. Note 
that , compared to the point in which the SiN x film has a high blocking 
effect of the Na ions, it is commonly known that the Na ions freely 
move in case of the SiO x film. Accordingly, it is not sufficient to 
coat the surface of the glass substrate in advance with some sort of 
an ion-blocking film such as the SiN x film and a BPSG 
(borophosphosilicate glass) film in order to prevent the Na ions from 
intruding into the gate insulating film, although it is slightly 
effective. Furthermore, depending on the manufacturing method, the 
SiO x film becomes a film which easily absorbs moisture. As result, 
there is a problem in which moisture contained in the film causes 
instability of the characteristics of the thin film transistor. 
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[0008] 

In view of the aforementioned problems, an object of the present 
invention is to provide a thin film transistor having excellent 
characteristics, high-stability, and good insulation property with 
high yield and good process consistency, a method of manufacturing 
thereof and a liquid crystal display element. 
[0009] 

[Means for Solving the Problem] 

A thin film transistor according to claim 1, comprising: an 
active layer formed on a gate insulating film, the active layer is 
made from non- single crystal silicon, wherein the gate insulating film 
is made form a lamination film of a silicon oxynitride film and a 
silicon nitride film, and wherein the silicon nitride film is in 
contact with the amorphous silicon. 
[0010] 

A thin film transistor of claim 2 according to the thin film 
transistor as claimed in claim 1 , wherein the silicon oxynitride film 
is made form an element selected from the group consisting of Si, N, 
O, H as its principal constituent, a N concentration of N to Si ratio 
of the silicon oxynitride film is set to not less than 0.1 and less 
than 0.8 and the N concentration is smaller than a 0 concentration, 
and wherein the silicon nitride film is made form a group consisting 
of Si, N, and H as its principal constituent, a N concentration of 
N to Si ratio of the silicon nitride film is set to not less than 1.2 
and less than 1.6, and a O concentration is less than 5 x 10 20 atoms/cm 3 . 
[0011] 

A thin film transistor of claim 3 according to any one of the 
thin film transistors as claimed in claim 1 and claim 2, wherein the 
silicon oxynitride film is at least partly doped with P or B. 

[0012] 

A thin film transistor of claim 4 according to any one of the 
thin film transistors as claimed in claim 1 and claim 3, wherein the 
refractive index of the silicon nitride film at a wavelength of 632.8 
nm is not less than 1.49 and less than 1.65. 
[0013] 

A thin film transistor of claim 5 according to any one of the 
thin film transistor as claimed in claim 1 and claim 4, wherein the 
film thickness of the silicon oxynitride film is set to not less than 
200 nm and less than 450 nm, and wherein the film thickness of the 
silicon nitride film is set to not less than 5 nm and less than 200 
nm. 

[0014] 

A thin film transistor according to claim 6, comprising: an 
active layer formed over a gate insulating film, the active layer is 
made from non- single crystal silicon, wherein the gate insulating film 
is made from a lamination film of a silicon oxide film, silicon 
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oxynitride film, and a silicon nitride film, wherein the silicon 
oxynitride film is disposed so as to cover the upper portion of the 
silicon oxide film, and wherein the silicon nitride film is in contact 
with the non-single crystal silicon. 
[0015] 

A thin film transistor of claim 7 according to the thin film 
transistor as claimed in claim 6, wherein the silicon oxide film is 
at least partly doped with P or B. 
[0016] 

A thin film transistor of claim 8 according to any one of the 
thin film transistors as claimed in claim 6 and claim 7, wherein the 
silicon oxide film is made from an element selected from the group 
consisting of Si, 0, and H as its principal constituent, and wherein 
the N concentration is set to less than 5 x 10 20 atoms/cm 3 . 
[0017] 

A thin film transistor of claim 9 according to any one of the 
thin film transistors as claimed in claim 6 and claim 8, wherein the 
sum of the film thickness of the silicon oxide film and the silicon 
oxynitride film is set to not less than 200 nm and less than 450 nm, 
the film thickness of the silicon oxynitride film is less than 100 
nm, and the film thickness of the silicon nitride film is not less 
than 5 nm and less than 200 nm. 
[0018] 

A thin film transistor according to claim 10, the thin film 
transistor is a reversed stagger type, comprising: a gate insulating 
film formed over a gate electrode; an active layer formed over the 
gate insulating film, the active layer is made from non- single crystal 
silicon; and a channel protection film formed over the active layer, 
wherein the gate insulating film is made from a lamination film of 
a silicon oxynitride film and a silicon nitride film, wherein the 
silicon nitride film is in contact with the non-single crystal silicon, 
and wherein the channel protection film is formed in a self -aligning 
manner with respect to the gat electrode. 
[0019] 

A thin film transistor according to claim 11, the thin film 
transistor is a reversed stagger type, comprising: a gate insulating 
film formed over a gate electrode; an active layer formed over the 
gate insulating film, the active layer is made from non- single crystal 
silicon; and a channel protection film formed over the active layer, 
wherein the gate insulating film is made from a lamination film of 
a silicon oxide film, a silicon oxynitride film, and silicon nitride 
film, wherein the silicon oxynitride film is disposed so as to cover 
the upper portion of the silicon oxide film, and wherein the silicon 
nitride film is in contact with the non- single crystal silicon, and 
wherein the channel protection film is formed in a self -aligning manner 
with respect to the gate electrode. 
[0020] 
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A method of manufacturing the thin film transistor according 
to claim 12, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film, the active layer is made from 
non-single crystal silicon, wherein the gate insulating film is made 
form a lamination film of a silicon oxynitride film and a silicon 
nitride film, the silicon nitride film is in contact with the 
non- single crystal silicon, and wherein the silicon oxynitride film 
is formed by plasma CVD using a mixed gas of SiH 4 , N 2 0, N 2 ,or NH 3 as 
a raw material gas . , 
[0021] 

A method. of manufacturing the thin film transistor according 
to claim 13, wherein the thin film transistor comprises an active layer 
formed over the gate insulating film, the active layer is made from 
non- single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxynitride film and a silicon 
nitride film and the silicon nitride film is in contact with the 
non-crystal silicon, and wherein the silicon oxynitride film is formed 
by plasma CVD using a mixed gas of organic silane, O a , N 2 or NH 3 as 
a raw material gas . 
[0022] 

A method of manufacturing the thin film transistor according 
to claim 14, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film and the active layer is made from 
non- single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxynitride film and a silicon 
nitride film, the silicon nitride film is in contact with the 
non- single crystal silicon, and wherein the silicon oxynitride film, 
the silicon nitride film and the non- single crystal silicon are 
successively formed in a same reaction chamber by plasma CVD. 
[0023] 

A method of manufacturing the thin film transistor according 
to claim 15, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film, the active layer is made from 
non-single crystal silicon, and a protection film made from an 
inorganic insulating film is formed on the surface thereof wherein 
the gate insulating film is made from a lamination film of a silicon 
oxynitride film and silicon nitride film, and the silicon nitride film 
is in contact with the non- single crystal silicon, and wherein the 
silicon oxynitride film, the silicon nitride film, the non- single 
crystal silicon and the inorganic insulating film are successively 
formed in a same reaction chamber by plasma CVD. 
[0024] 

A method of manufacturing the thin film transistor according 
to claim 16, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film, and the active layer is made from 
non- single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxide film, a silicon oxynitride 
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film and a silicon nitride film, the silicon oxynitride film is 
disposed so as to cover the upper portion of the silicon oxide film 
and the silicon nitride film is in contact with the non- single crystal 
silicon, and wherein the silicon oxide film is formed by normal 
pressure CVD using SiH 4 and 0 2 as its principal raw material gas and 
using N 2 as a diluted gas. 
[0025] 

A method of manufacturing the thin film transistor according 
to claim 17, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film, the active layer is made from 
non- single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxide film, a silicon oxynitride 
film, and a silicon nitride film, the silicon oxynitride film is 
disposed so as to cover the upper portion of the silicon oxide film, 
and the silicon nitride film is in contact with the non-single crystal 
silicon, and wherein the silicon oxide film is formed by normal 
pressure CVD using organic silane, 0 3 , and 0 2 as its principal raw 
material gas , and using N 2 as a diluted gas . 
[0026] 

A method of manufacturing the thin film transistor according 
to claim 18, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film, the active layer is made from 
non-single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxide film, a silicon oxynitride 
film and silicon nitride film, the silicon oxynitride film is disposed 
so as to over the upper portion of the silicon oxide film, and the 
silicon nitride film is in contact with the non-single crystal silicon, 
and wherein the silicon oxide film is formed by plasma CVD using SiH 4 
and N 2 0 as its principal raw material gas. 
[0027] 

A method of manufacturing the thin film transistor according 
to claim 19, wherein the thin film transistor comprises an active layer 
formed over a gate insulating film, the active layer is made from 
non-single crystal silicon, wherein the gate insulating film is made 
from a lamination film of a silicon oxide film, a silicon oxynitride 
film and silicon nitride film, the silicon oxynitride film is disposed 
so as to cover the upper portion of the silicon oxide film, and the 
silicon nitride film is in contact with the non- single crystal silicon, 
and wherein the silicon oxide film is formed by plasma CVD using organic 
silane and 0 2 as its principal raw material gas. 
[0028] 

A method of manufacturing the thin film transistor according 
to claim 20, wherein the thin film transistor comprises an active layer 
formed on a gate insulating film over a substrate, the active layer 
is made from non- single crystal silicon, wherein the gate insulating 
film is made form a lamination film of a silicon oxide film, a silicon 
oxynitride film and a silicon nitride film, the silicon oxynitride 
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film is disposed so as to cover the upper portion of the silicon oxide 
film, and the silicon nitride film is in contact with the non-single 
crystal silicon, and wherein the substrate on which the silicon oxide 
film is formed is annealed under 10 Torr or less of a vacuum or a low 
pressure atmosphere to form a silicon oxynitride film without being 
exposed into the air. 
[0029] 

A method of manufacturing the thin film transistor according 
to claim 21, wherein the thin film transistor comprises an active layer 
formed on a gate insulating film over a substrate, the active layer 
is made from non-single crystal silicon, wherein the gate insulating 
film is made from a lamination film of a silicon oxide film, a silicon 
oxynitride film and a silicon nitride film, the silicon oxynitride 
film is disposed so as to cover the upper portion of the silicon nitride 
film, and the silicon nitride film is in contact with the non-single 
crystal silicon, and wherein the silicon oxynitride film, the silicon 
nitride film and the non-single crystal silicon are successively 
formed in a same reaction chamber by plasma CVD. 
[0030] 

A method of manufacturing the thin film transistor according 
to claim 22, wherein the thin film transistor comprises an active layer 
formed on a gate insulating film over a substrate, the active layer 
is made form non- single crystal silicon, a protection film made from 
an inorganic insulating film is formed on the surf ace thereof, wherein 
the gate insulating film is made from a lamination film of a silicon 
oxide film, a silicon oxynitride film and a silicon nitride film, the 
silicon oxynitride film is disposed so as to cover the upper portion 
of the silicon oxide film, and the silicon nitride film is in contact 
with the non-single crystal silicon, and wherein the silicon 
oxynitride film, the silicon nitride film, the non-single crystal 
silicon arid the inorganic insulating film are successively formed in 
a same reaction chamber by plasma CVD. 
[0031] 

The liquid crystal display element according to claim 23 uses 
any one of the thin film transistors as claimed in claim 1 and claim 
11 as a switching element. 
[0032] 
[Action] 

The thin film transistor of the present invention uses a silicon 
oxynitride film and a silicon nitride film as a gate insulating film. 
Since the silicon nitride film is in contact with non-single crystal 
silicon, the silicon oxynitride film has a wide gap and is excellent 
in the insulation property, therefore the effect of blocking impurity 
ions and water-resisting property can be expected. Furthermore, the 
silicon nitride film has a good interface property with the non-single 
crystal silicon. 
[0033] 
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According to the method of manufacturing the thin film 
transistor of the present invention, the silicon oxynitride film and 
the silicon nitride film are employed as the gate insulating film. 
The silicon nitride film is in contact with the non-single crystal 
silicon and the silicon oxynitride film is formed by plasma CVD using 
a mixed gas of SiH 4 , N 2 0, N 2 or NH 3 as a raw material gas. As result, 
the thin film transistor can be easily fabricated with good insulation 
property, A effect of blocking impurity ions and water-resisting 
property can be further expected. Furthermore, excellent contacting 
characteristic with the non- single crystal silicon can also be 
obtained. 
[0034] 

Further, the liquid crystal display element of the present 
invention uses any one of the thin film transistors as claimed in claim 
1 or claim 11 as a switching element, therefore the liquid crystal 
display element can be operated with stabilized characteristics. 
[0035] 

[ Embodiment ] 

A case of applying one embodiment of the present invention to 
an active matrix type liquid crystal display element will be described 
below with reference to the drawings. 
[0036] 

Fig. 1 is a cross sectional view showing a thin film transistor 
(TFT) used for an active matrix type liquid crystal display device 
(LCD). In Fig. 1, reference numeral 1 is an insulating substrate, 
which is made from a glass substrate such as Corning Corp. #7059 glass 
substrate. A gate electrode 2 made from molybdenum- tantalum (Mo-Ta) 
is formed on a principal surface of the of the glass substrate 1. 
[0037] 

A silicon oxynitride (SiO x N y ) film 3a with a thickness of 0.3 
jxm is laminated on the gate electrode 2 so as to cover the gate electrode 
2. A 0.05 jim thick silicon nitride (SiN 3 ) film 3b is further laminated 
and formed thereon. A gate insulating film 3 having a two-layered 
structure of the SiO x N y film 3a and the SiN 3 film 3b is thus formed. 
[0038] 

An amorphous silicon (a-Si) film 4 made from a 0.05 \*m thick 
amorphous silicon (a- Si) is formed as an active layer oh the gate 
insulating film 3. A 0.3 \wi thick SiN x film 3b is further laminated 
on the a-Si film 4. The SiN x film 3b is patterned by using resist to 
be processed into a predetermined shape by an etching solution 
containing HF as its principal constituent. The resist is then removed 
from the film to form a channel protection film 5. 
[0039] 

Next, processes for forming a lamination layer of the gate 
insulating film 3, the a-Si film 4 and the channel protection film 
5 will be described. 
[0040] 
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At first, as a method for manufacturing the SiO x N y film 3a, the 
SiN x film 3b, the a-Si film 4 and the channel protection film 5, all 
of them are, for instance, formed by plasma CVD. Specifically, it 
is a most typical manufacturing method that these films are formed 
by a CVD device of an inline system in which reaction chambers are 
respectively allocated for each of the films, and these reaction 
chambers are connected in series. Meanwhile, for the purpose of 
enhancing productivity as much as possible, it is effective that these 
films are laminated and formed in a same reaction chamber at a same 
setting temperature. However, it is often the case that the SiN x f ilm 
and the a-Si film have large stress. In the conventional structure 
of using the SiN x film for the entire area of the gate insulating film, 
when the SiN x film and the a-Si film are alternately laminated in one 
reaction chamber, these films are peeled from the interior surface 
of the reaction chamber. This phenomenon becomes a factor of 
generating particles. Accordingly, although it is apparent that the 
formation of the lamination film in the same reaction chamber is 
advantageous in the productivity, this manufacturing method cannot 
be actually used in mass production for the above-mentioned reason. 
However, in case of forming the lamination film by introducing a SiO x N y 
film, it is possible to form all films in the same reaction chamber 
sufficiently since the stress of the SiO x N y film is easily suppressed 
and adhesiveness thereof is excellent in comparison with that of the 
SiN x film 3b, whereby enabling to reduce the film thickness of the 
SiN x film. 
[0041] 

Subsequently, a channel region, a source region and a drain 
region are formed by forming a low-resistance semiconductor film 6 
with a thickness of 0.05 (jm on the a-Si film 4 and channel protection 
portion, and by processing the semiconductor film 4 and the 
low-resistance semiconductor film 6. 
[0042] 

Further, a pixel electrode 7 made from indium tin oxide (ITO) 
is formed on the gate insulating film 3. 
[0043] 

A source electrode 8 is then formed on the source region of the 
low-resistance semiconductor film 6 while contacting to the pixel 
electrode 7 , a drain electrode 9 is formed on the drain region and 
further a protection film 10 is laminated thereon. Thus, a thin film 
transistor (TFT) 11 is formed as a switching element over the gate 
electrode 2, the gate insulating film 3, the a-Si film 4, the source 
electrode 8, the drain electrode 9 and the protection film 10 to serve 
as an active element substrate 12. 
[0044] 

As shown in Fig. 2, a common electrode 21 made form ITO is formed 
over the principal surface of the glass substrate 1 which is an 
insulating substrate, whereby constituting an opposed substrate 22. 
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[0045] 

Further, an orientation film 25 made from polyimide (PI) of 
low -temperature curing type is, for example, formed over the entire 
surface of the principal surface of an active element substrate 12. 
Meanwhile, an orientation film 26 made from PI of low- temperature 
curing type is, for example, similarly formed over the entire surface 
of the principal surface of a opposed substrate 23, The orientation 
treatment is performed on the principal surfaces of the active element 
substrate 12 and the opposed substrate 23 by rubbing the orientation 
films 25 and 26 with cloth in a predetermined direction, respectively. 
The active element substrate 12 and the opposed substrate 23 are 
disposed so that the principal surface sides thereof are opposed each 
other and alignment axis thereof are made an angle of approximately 
90°, thereby enclosing and interposing a liquid crystal 27 between 
the active element substrate 12 and the opposed substrate 23. 
[0046] 

When the active element substrate 12 and the opposed substrate 
23 are combined each other, the rubbing direction of the orientation 
films 25 and 26 is set so that the excellent optic-angle direction 
faces a front side direction. On the other hand, another principal 
surface sides of the active element substrate 12 and the opposed 
substrate 23 are adhered with polarizing plates 28 and 29 to constitute 
a liquid crystal display device (LCD) 30. Light emission is, thus, 
carried out by emitting light from any one of another principal surface 
sides of the active element substrate 12 and the opposed substrate 
23. 

[0047] 

Next, a structure of a plasma CVD device 31 in which 
aforementioned liquid crystal display device 30 is manufactured 
therein will be described with reference to Fig. 3. 
[0048] 

The plasma CVD device 31 comprises a common chamber 32 equipped 
with a transporting mechanism by which a glass substrate 1 is 
transported with vacuum at a center thereof. Four reaction chambers 
33 to 36, a heating chamber 37, and two carrying in/out chambers 38 
and 39 are arranged in all directions around the common chamber 32 
so as to surround the periphery of the common chamber. 
[0049] 

The respective reaction chambers 33 to 36 for film deposition 
are provided with a suscepter for clamping a circular high-frequency 
electrode with a diameter of 150 mm and a glass substrate 1 opposed 
to the circular high-frequency electrode, and the reaction chambers 
connect to a gas supply system comprising SiH 4 , H 2 , NH 3 , N 2 , 0, N 2 , 
PH 3 , NF 3 and Ar and an exhaust system made from a dry pump. Further, 
the glass substrate 1 which is a test sample is clamped with the heated 
suscepter, and the temperature of the surface thereof is controlled 
so as to be a predetermined temperature. 
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[0050] 

Conversely, a common chamber 32 in which film deposition is not 
performed, a heating chamber 37, carrying in/out chambers 38 and 39 
are connected to a gas supply system of N 2 and a exhaust system made 
from a dry pump, respectively. The glass substrate 1 is then 
transported to any one of the carrying in/out chambers 38 and 39, and 
is heated in the heating chamber 37 via the common chamber 32. After 
the 10 minutes of heat treatment , the glass substrate 1 is again 
introduced into the reaction chamber 33 via the common chamber 32. 
In the reaction chamber 33, a SiO x N y film 3a with a thickness of 0 . 3 
Mm, a SiN x film 3b with a thickness of 0.05 \xxn, an a-Si film 4 with 
a thickness of 0.05 fim, and a channel protection film 5 made from SiN x 
with a thickness of 0.3 p is laminated and formed at a substrate 
temperature of 320 °C. 
[0051] 

Note that, during the formation, the temperature of the 
suscepter of the reaction chamber 33 is kept constant. It is of course 
possible to change the setting temperature depending on the kinds of 
films. However, this reduces throughput by waiting time for setting 
the stabilized temperature. Therefore, this method is not realistic. 
[0052] 

Subsequently, the glass substrate 1 is again carried out by any 
one of the carrying in/out chambers 38 and 39 via the common chamber 
32. Note that, as well as the common chamber 32, the reaction chambers 
34 to 36 are used for the four-layered film formation of the SiO x N y 
film 3a, the SiN x film 3b, the a- Si film 4 and the channel protection 
film 5 made from SiN x , in which parallel processing is conducted. 
[0053] 

On the other hand, since there is a restriction in which a 
four-layered film must be formed at the same temperature as set forth 
above, the method of forming the four-layered film of from the gate 
insulating film 3 to the channel protection film 5 in the same reaction 
chambers 33 to 36 is slightly inferior in the characteristic of the 
thin film transistor 11. Especially, the a-Si film 4, which serves 
as an active layer, is deteriorated by the heating during the formation 
of the channel protection film 5. Consequently, there is a method 
in which a three layers of the SiO x N y film 3a, the SiN x film 3b and 
the a-Si film 4 are deposited in the same reaction chambers 33 to 36 
at a substrate temperature of 320 °C, and the channel protection film 
5 of the SiN x film is formed in the other reaction chambers 33 to 36 
at a substrate temperature of 300 °C. That is, referring to the 
schematic diagram of the plasma CVD device in Fig. 3, the three layers 
of the two-layered gate insulating film 3 and a-Si film 4 are formed 
in the reaction chamber 33, the glass substrate 1 is transported to 
the reaction chamber 35 via the common chamber 32 to form a channel 
protection film 5 made from SiN x and then the glass substrate 1 is 
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carried out via the common chamber 32. Same treatments are performed 
in the reaction chambers 34 and 36 to carry out parallel processing. 
In comparison with the case in which the four layers of from the gate 
insulating film 3 to the channel protection film 5 are formed at once, 
it is possible to manufacture the thin film transistor 11 having 
excellent characteristics by using this method, although it is 
slightly inferior in the productivity. 
[0054] 

In any case, by using the SiO x N y film 3a, the gate insulating 
film 3 and the semiconductor film 4 can be substantially laminated 
and formed in the same reaction chambers 33 to 36, thereby increasing 
the productivity in comparison with the conventional formation method 
in which the lamination layers are formed in the separate reaction 
chambers . 
[0055] 

Next, the process for forming the SiO x N y film 3a will be 
described. 
[0056] 

In the plasma CVD device 31 as depicted in Fig. 3, the glass 
substrate 1 is clamped to the heated suscepter to control the 
temperature to 320 °C in the reaction chambers 33 to 36. Note that 
it is desired that the temperature of the glass substrate 1 is set 
to in the range of from 300 °C to 360 °C. Subsequently, SiH 4 , N 2 0, 
and N 2 are respectively introduced at 20 seem, 120 seem and 400 seem 
as a raw material gas from a shower electrode which is opposed to the 
glass substrate 1. The atmospheric pressure of the plasma CVD is 
controlled to, for example, 1.2 Torr by adjusting the opening of the 
exhaust valve. Under this condition, when 200 W of 13.56 MHz of high 
frequency electric power is supplied, electric discharge is generated 
between the shower electrode and the suscepter to deposit the SiO x N y 
film 3a over the glass substrate 1. 
[0057] 

Note that the composition of the deposited film is greatly 
affected by the gas flow rate. That is, since N 2 0 mainly functions 
as an O source and N 2 is mainly serves as an N source, a predetermined 
composition of the film can be obtained by controlling the gas flow 
rate. The film deposition can be performed within a wide range of 
atmospheric pressure between 0.5 Torr and 5 Torr. However, the 
composition of the deposition film is also greatly affected by this 
atmospheric pressure. Generically, there is a trend that the amount 
of N is reduced and much more O is take in the film as the film deposition 
is performed at higher pressure. Furthermore, it is preferred that 
the distance between the suscepter and the shower electrode is set 
within the range of between 10 mm and 40 mm, which is excellent in 
uniformity of the film thickness. The optimal distance between the 
suscepter and the shower electrode is closely correlated with the 
amount of pressure, and is basically in inverse proportion to the 
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pressure. Therefore, as the film deposition is performed at higher 
pressure, narrower distance between the suscepter and the shower 
electrode is required. Actually, under the above -described film 
deposition conditions, it is appropriate to set the distance 
therebetween to in the order of 20 mm. Also, in case of setting the 
frequency of the electric discharge to higher value such as 27 MHz, 
41 MHz and 54 MHz, narrower distance between the suscepter and the 
shower electrode is required. 
[0058] 

Further, it is possible to employ NH 3 as a raw material gas of 
the SiO x N y film 3 as a substitute for N 2 . In comparison with N 2 , NH 3 
can be easily decomposed, and therefore much more amount of N is taken 
into the film, although it is minute amounts. In addition, since H 
contained in NH 3 is taken in the film and a film with etching rate 
that is different from N 2 can be obtained, it is possible to control 
the etching rate by using N and H appropriately. 
[0059] 

On the other hand, when organic silane is used for the raw material 
gas as a substitute for SiH 4 , a SiO x N y film having excellent step 
coverage can be attained due to the f lowability of the organic silane 
at the deposition surface. In case of forming a bottom-gate type thin 
film transistor, for example, even if the taper processing is not 
conducted to a wiring line (not illustrated in the drawing) which is 
connected from the gate electrode 2, the surface of the bottom-gate 
type thin film transistor is sufficiently covered and leveled, 
although it is not completely leveled. The gate insulating film 3 
having excellent step coverage is also effective in the case of using 
a top-gate type thin film transistor. Concretely speaking, the 
following can be given as preferred examples of the organic silane: 
TEOS (Tetraethylorthosilicate: Si[OC 2 H 5 ]4); TMS (Trimethylsilicate : 
SiH [ OCH 3 ] 3 ) ; TRIES ( Triethylsilicate : SiH [ OC 2 H 5 ] 3 , 

Hexamethyldisilazane: [CH 3 ] 3 SiNHSi[CH 3 ] 3 , Hexamethyldisilane : [XH 3 ] 
3 SiSi[CH 3 ] 3 ); Hexamethyldisiloxane : [CH 3 ] 3 SiOSi[CH 3 ] 3 and the like. 
Especially, TEOS is most widely known as a raw material of the Si0 2 
film in the semiconductor field, and is inexpensive and available. 
Note that it is preferred to use 0 2 as an 0 source of these raw material 
gases since N 2 0 has weak oxidizing capability. Further, the nitriding 
capability also needs to counter the oxidizing capability of 0 2 , 
therefore NH 3 is more preferable rather than N 2 . Furthermore, in case 
of using N 2 0 and N 2 , a large amount of flow rate thereof is necessary. 
[0060] 

Subsequently, a bubbling is often required for supplying the 
organic silane, and an inert gas such as N 2 , He, Ar is used for the 
bubbling. In the semiconductor field, with respect to the Si0 2 film 
made from organic silane which is represented by TEOS, moisture 
contained therein or the hygroscopic property absorbing water 
afterward often becomes a problem. In case of the thin film transistor 
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11, ±f the gate insulating film 3 containing moisture is used, defects 
are caused in the stability of the thin film transistor 11 and the 
like. However, if N is introduced into the film according to the 
present invention, excellent step coverage can be maintained and 
further various problems concerning moisture can be solved, 
[0061] 

In order to achieve a simultaneous pursuit of blocking an 
impurity and water, there is a most effective range of the composition 
of the SiO x N y film 3a. Preferable conditions of the composition of 
the SiO x N y film 3a are set as follows: the SiO x N y film 3a is composed 
of Si, N, O, and H as its principal constituent; the composition ratio 
of N to Si is set to between 0.1 and 0.8; and O to Si ratio is larger 
than the N to Si ratio. Further, within the above-mentioned range, 
the insulation property is more superior in the area where is close 
to the SiO x N y film 3a having broad wide gap. Accordingly, it is 
preferable that the N to Si ratio is set to in the range of between 
0 . 3 and 0.5, whereas the O to Si ratio is set to in the range of between 
1.2 and 1.5. Concretely speaking, such composition is appropriate 
that SiO is about 0.25 and N is about 0.45. Adjustment of these 
compositions are carried out by changing at least any one of the gas 
flow rate, pressure, electric discharge power, and the distance 
between the suscepter and the electrode. 
[0062] 

Meanwhile, the SiN x film 3b contacting to an a-Si film 4 that 
functions as an active layer is composed of Si, N and H as its main 
constituent, and the composition ratio of N to Si is set to not less 
than 1.2. However, in view of the reliability of the thin film 
transistor 11, the composition ratio of N to Si is set to not less 
than 1.33 according to the stoichiometric composition. Oxygen (O) 
is taken in the SiN x film 3b as an impurity. However, if the O content 
is set to less than 5 x 10 20 atoms/cm 3 , an excellent interface with 
the a-Si film 4 can be formed. Further, since the SiN x film 3b is 
formed over the SiO x N y film 3a, when these films are formed in the 
same reaction chambers 33 to 36, it is necessary to pay attention so 
that N 2 0 is promptly removed after the formation of the SiO x N y film 
3a. In this case, in order to remove the N 2 0 immediately, the purge 
method using gas is more effective than the high- vacuum evacuation. 
However, it is not necessarily good for the film deposition to reduce 
the O content as much as possible. Further, the long pursing time 
for removal of N 2 0 causes adverse effects on the productivity . 
Accordingly, the 0 content may be suppressed within the range that 
does not adversely affect the characteristics of the thin film 
transistor 11. Further, during the case in which the SiO x N y film 3a 
and the SiN x film 3b are formed in the same reaction chambers 33 to 
36, it is preferable to set the pursing time to not less than 5 seconds 
and less than 60 seconds, respectively. The appropriate range of the 
amount of O contained in the SiN x film 3b is set to not less than 5 
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x 10 18 atoms/cm 3 and less than 5 x 10 20 atoms/cm 3 . 
[0063] 

It is defined that the film thickness of the SiO x N y film 3a is 
determined according to the composition ratio of O to Si and the 
composition ratio of N to Si. In addition to that, the hydrogen (H) 
content is considerably changed according to the film-deposition 
temperature or voltage. The value of the refractive index defines 
the film quality including the respective composition ratio of Si, 
N, and O and the amount of the H content. It is desired that the 
refractive index of the SiO x N y film 3a is in the range of between 1.49 
and 1.65. If the composition ratio of Si, N and O fulfills the 
above-mentioned conditions , a film containing a large amount of 
hydrogen (H) is inferior in the insulation property. Such film having 
a rough structure has a small refractive index. Therefore, excellent 
effects can be obtained by maintaining the refractive index within 
the aforementioned range. Note that the refractive index of the 
present invention has a wavelength of 632.8 nm. 
[0064] 

Further, when the SiO x N y film 3a is partially or entirely doped 
with phosphorus (P) or boron (B) , an effect of gettering an impurity 
ion, especially a Na ion, can be obtained as well as the case of 
utilizing a PSG (phosphosilicate glass), a BSG (borosilicate glass), 
and a BPSG (borophosphosilicate glass). Since the thin film 
transistor 11 is formed on the glass substrate 1, if a function of 
capturing the Na ion which penetrates form the glass substrate is 
provided in the thin film transistor 11, the reliability thereof can 
be enhanced. Concretely speaking, the SiO x N y film 3a is further 
divided into two layers, and phosphorus (P) is only doped to a side 
that is close to the glass substrate 1 or to the gate electrode 2. 
The Na ion is then captured by gettering in the lower layer of the 
SiOxN y film 3a in which P is doped. As result, the characteristics 
of the thin film transistor 11 are not adversely affected by the Na 
ion. Note that, if the SiO x N y film 3a is doped with P, the electric 
characteristics thereof, such as insulation property of the gate 
insulating film 3, are slightly deteriorated. Therefore, a 
non-phosphorous- doped layer is laminated thereon in order to 
compensate for this defect. Specifically, in case of a bottom-gate 
type thin film transistor, a SiO x N y layer doped with P is directly 
formed on the gate electrode 2 to a thickness of about 30 to 80 nm, 
a SiO x N y layer that is not doped with P is further formed thereon. 
Thus, the SiO x N y film 3a that is composed of the SiO x N y layer doped 
with P and the SiO x N y layer not doped with P can be obtained. 
[0065] 

Further, it is also effective that a thin SiO x N y layer that is 
not doped with P is interposed between a P -doped layer and the gate 
electrode, and the P-doped layer is sandwiched by layers that is not 
doped with P. The phosphorus doping to the SiO x N y film 3a can be easily 



English Translation of JP Hei 8-254713 



20 



performed by using PH 3 as a raw material gas. When boron (B) is doped, 
a raw material gas such as B 2 H 5 and BF 3 may be used. It is preferred 
that the film doped with P or B and the a- Si layer 4 are separately 
formed in the different reaction chambers among the reaction chambers 
33 to 36. 
[0066] 

As set forth above, the gate insulating film 3 is composed of 
the SiO x N y film 3a and the SiN x film 3b. It is preferred that the film 
thickness of the SiO x N y film 3a is not less than 200 nm and less than 
450 nm, whereas the film thickness of the SiN x film 3b is not less 
than 5 nm and less than 200 nm. Namely, since the SiO x N y film 3a 
provides the insulation property and the SiN x film 3b provides the 
interface characteristic with respect to the a-Si film 4, separately, 
it is preferable that the SiN x film 3b is made thinner than the SiO x N y 
film 3a. The sum of the whole film thickness of the gate insulating 
film 3 including the SiO x N y film 3a and the SiN x film 3b is appropriately 
set to in the range of between 300 nm and 500 nm. 
[0067] 

Next, another embodiment of the present invention will be 
described with reference to Fig. 4. The embodiment illustrated in 
Fig. 4 constitutes a part of the liquid crystal display device 30 as 
well as the embodiment depicted in Fig. 1. 
[0068] 

In the embodiment illustrated in Fig. 4, a silicon oxide (SiO x ) 
film 3c with a thickness of 0.15 \im is formed as a gate insulating 
film 3 so as to cover a gate electrode 2, a silicon oxynitride (SiO x N y ) 
film 3d with a thickness of 0.15 (im is formed over the SiO x film 3c, 
a silicon nitride (SiN x ) film 3e with a thickness of 0.05 [im is formed 
over the SiO x N y film 3d, and an a-Si film 4 with a thickness of 0.05 

is further formed thereon as well as Fig. 1. 
[0069] 

As described- above, the SiO x film 3c having a large wide gap is 
used in a portion of the gate insulating film 3, which allows the 
improvement of the insulation property and the characteristic of 
withstand pressure. Meanwhile, the defects of the SiO x film such as 
the hygroscopic property and the mobility of impurity ions are overcome 
by covering the SiO x film with the SiO x N y film 3d. Furthermore, the 
SiN x film 3e secures the excellent interface characteristic with 
respect to the a-Si film 4. 
[0070] 

A process of manufacturing a lamination layer of the thin film 
transistor 11 of the gat insulating film 3, the a-Si film 4 and the 
channel protection film 5 will be described here. 
[0071] 

At first, the SiO x film 3c is formed by the arbitrary method such 
as normal pressure CVD, reduced- pressure CVD, plasma CVD and RF 
sputtering. Note that it is not necessary to hold with vacuum between 
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the SiO x film 3c and the SiO x N y film 3d that is subsequently formed. 
The SiO x N y film 3d # the SiN x film 3e, the a-Si film 4 and the channel 
protection film 5 are formed by plasma CVD, for instance, as the same 
manner as the embodiment illustrated in Fig. 1. 
[0072] 

Further, when the SiO x film 3c is formed by using a thermal CVD 
process such as normal pressure CVD and reduced-pressure CVD, the gate 
insulating film 3 including less particle generation and less pinhole 
defect can be obtained, although it is necessary to heat the glass 
substrate 1 at approximately not less than 400 °C. Specifically, when 
100 seem of SiH 4 , 2 slm of 0 2 and 20 slm of N 2 are introduced into the 
glass substrate 1 that is already heated at 430 °C, respectively, the 
SiO x film 3c is formed. In this case, N 2 is a diluted gas and does 
not contribute to the film deposition directly. 
[0073] 

Subsequently, if organic si lane is used as a raw material gas 
for normal pressure CVD as a substitute for the SiH 4 film, a SiO x film 
that is excellent in step coverage can be obtained according to the 
flowability of the organic silane at the deposition surface. In case 
of the bottom- gate type thin film transistor, for example, the film 
is sufficiently covered and is leveled, although it is not completely 
leveled, even if taper processing is not conducted in a wiring line 
(not shown in the drawings) which is connected from the gate electrode 
2. The gate insulating film 3 that is superior in step coverage is, 
of course, effective in case of the top-gate type thin film transistor. 
Further, above -described TEOS, TMS, TRIES and the like are mentioned 
as a specific example of the organic silane. Since 0 2 itself has poor 
oxidizing capability as an O source of these raw material gases, it 
is necessary to use 0 3 that is promoted by an ozonizer. Further, since 
the SiO x film made from organic silane using normal pressure CVD is 
especially rich in the hygroscopic property, when the SiO x film is 
applied to the thin film transistor, it is necessary to use the SiO x 
film in combination with the SiO x N y film 3d having high water-resisting 
property . 
[0074] 

Next , a case of using plasma CVD for the formation of the SiO x 
film 3c will be described. In this case, the glass substrate 1 is 
cramped with the suscepter, which is heated at the reaction chambers 
33 to 36 in advance, and the glass substrate 1 is heated at 320 °C. 
It is desired that the temperature of the glass substrate 1 be in the 
range of between 300 °C and 360 °C. On comparing the plasma CVD form 
thermal CVD, the SiO x film 3c can be formed at a temperature lower 
than that of the thermal CVD. In addition, the plasma CVD is superior 
in less damage to the glass substrate 1. 
[0075] 

20 seem of SiH4 and 800 seem of N 2 0 are then introduced as a 
raw material gas from the shower electrode which is opposed to the 
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glass substrate 1. respectively. The atmospheric pressure is, for 
example , controlled to 1 . 2 Torr by adjusting the opening of the exhaust 
valve. 13.56 MHz of high frequency electric power is supplied at 300 
W, generating electric discharge to deposit the SiO x film over the 
glass substrate 1. Concerning the gas flowing rate, it is desired 
that the N 2 0 is supplied by 20 times larger than SiH 4 such that the 
film formation chamber is not rich in Si. 
[0076] 

The film formation can be performed at a pressure xn the range 
of 0.5 to 5 Torr. However, the film formation at low pressure takes 
in lesser hydrogen (H) within the film and provides a superior 
insulating film in comparison with the film formation at high pressure. 
Therefore, it is appropriate that the film formation is performed at 
0.6 to 1.8 Torr. The distance between the suscepter and the shower 
electrode is set to in the range of between 10 mm and 40 mm, which 
is superior in the uniformity of the film thickness. Note that the 
optimal distance therebetween has a strong correlation with the 
pressure, and is inversely related to the pressure. Therefore, as 
the film formation is performed at higher pressure, narrower distance 
between the suscepter and the shower electrode is required. 
[0077] 

Further, as well as normal pressure CVD. in case of the plasma 
CVD. when the SiO x film 3c is formed by using organic silane as a raw 
material gas as a substitute for SiH 4 , the SiO x N y film 3d that is 
superior in step coverage can be obtained because of the f lowability 
of the organic silane at the deposition surface . Aforementioned TEOS . 
TMS, TRIES and the like are mentioned as a specific example of the 
organic silane in this case. Since N 2 0 is poor in the oxidizing 
property. 0 2 is preferably used as the O source of these raw material 
gases. Furthermore, since the SiO x film 3c made from organic silane 
has high hygroscopic property, it is necessary to use the SiO x film 
3c in combination with the SiO x N y film 3d having high water-resisting 
property. 
[0078] 

When the SiO x N y film 3d is formed over the SiO x film 3c according 
to the above -described method, it is necessary to pay attention to 
the following points. Firstly, the SiO x film 3c has already contained 
moisture therein at the point of the termination of the film formation, 
although the moisture content is different depending on the film 
formation method. When the SiO x film 3c is formed by normal pressure 
CVD rather than plasma CVD and by using organic silane rather than 
SiH 4 . much more moisture is contained therein. Secondly, when the 
SiO x film 3c is exposed to the atmospheric air, the film absorbs 
moisture . Therefore , when the SiO x N y film 3d is formed, it is necessary 
to exclude moisture contained in the SiO x film 3c in advance. As a 
method of releasing the moisture, the SiO x film 3c may be annealed 
with vacuum or under the reduced- pressure atmosphere of less than 10 
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Torr, and may be covered with the SiO x N y film 3d without exposure to 
the atmospheric air. As a matter of course, the SiO x film 3c and the 
SiO x Ny film 3d are separately formed in the different manufacturing 
devices. If these films are sequentially formed in a same 
manufacturing device, it is desired that moisture contained in the 
SiO x film 3c removed at once by the annealing treatment. Further, 
it is preferable that the annealing treatment is performed at a 
temperature higher than the temperature of forming the SiO x N y film 
3d by 10 to 40 °C. Although the annealing treatment performed for 
1 to 2 minutes available only for the purpose of heating the glass 
substrate 1, the annealing time is not sufficient for the purpose of 
removing the moisture contained in the SiO x film 3c. Therefore, it 
is necessary to perform the annealing treatment for not less than 5 
minutes, more preferably for not less than 10 minutes. 
[0079] 

In addition, the SiO x film 3c is made form Si, 0, and H as its 
principal constituent, and the SiO x film 3c further contains N 
depending on the method of manufacturing thereof. In order to obtain 
a superior insulation property, however, the N content must be set 
to less than 5 x 10 20 atoms/cm 3 . 
[0080] 

Further, it is preferable that the film thicknesses of the SiO x 
film 3c, the SiO x N y film 3d, the SiN x film 3e that constitute the gate 
insulating film 3 is set as follows: the sum of the film thickness 
of the SiO x film 3c and the SiO x N y film 3d is not less than 200 nm and 
less than 450 nm, the film thickness of the SiO x N y film 3d is not less 
than 100 nm, and the film thickness of the SiN x film 3e is not less 
than 5 nm and less than 200 nm. Both of the SiO x film 3c and the SiO x N y 
film 3d provide the insulation property, only the SiO x N y film 3d 
provides the water-resisting property and a function of blocking 
impurity ions , and only the SiN x f ilm 3e provides the interface property 
with respect to the a-Si film 4, respectively. Thus, these films 
provide functions, separately. The SiO x film 3c has superior in the 
insulation property and less density of pinhole defects, which allows 
the good insulation property of the gate insulating film 3. The 
appropriate film thickness of the gat insulating film 3 comprising 
the SiO x film 3c, the SiO x N y film 3d and the SiN x film 3e is in the 
range of 300 to 500 nm. 
[0081] 

Next, another embodiment will be described with reference to 
Fig. 5. The cross sectional view depicted in Fig. 5 constitutes a 
part of the liquid crystal display device 30 shown in Fig. 2, as well 
as the embodiment shown in Fig. 1. 
[0082] 

The embodiment illustrated in Fig. 5 has a characteristic in 
a shape of the thin film transistor 11, wherein the gate electrode 
2 is exposed to the light from the back surface so as to determine 
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the width of a channel formation film 5 in a self -aligning manner. 
[0083] 

The gate insulating film 3 is composed of a lamination film of 
a SiO x N y film 3a and a SiN x film 3b as the same manner as the embodiment 
shown in Fig . 1 . 
[0084] 

The thin film transistor 11 in which the width of the channel 
protection film 5, i.e. the channel length, corresponds with the width 
of the gate electrode 2 has an advantage of less parasitic capacitance 
between a gate and a source. However, in comparison with a thin film 
transistor in which the width of the gate electrode 2 is longer than 
that of the channel protection film 5, the thin film transistor 11 
is weak against the contamination from the glass substrate 1 . That 
is, in the case of using the thin film transistor having larger gate 
electrode than the channel protection film, if impurity ions such as 
Na are diffused from the glass substrate 1, the channel protection 
film 5 is protected by the larger gate electrode 2. Therefore, the 
channel protection film 5 is not affected by the contamination of 
impurity ions or is hardly affected by the contamination thereof . In 
order to overcome this problem, the thin film transistor 11 that is 
formed in a self -aligning manner needs to have a structure which 
withstands the diffusion of the impurity ions. The gate insulating 
film 3 is made from a lamination layer of the SiO x N y film 3a and the 
SiN x film 3b, which allows the outstanding effects especially in the 
improvement of the reliability of the characteristics of the thin film 
transistor 11. The effect against the impurities is, of couse, 
further enhanced by doping P or B with a portion of the SiO x N y film 
3a. 

[0085] 

Further, another embodiment will be described with reference 
to Fig. 6. The embodiment shown in Fig. 6 constitutes a part of the 
liquid crystal display device 30 illustrated in Fig. 2, as well as 
Fig. 4. 
[0086] 

With respect to the embodiment shown in Fig. 6, the width of 
the channel protection film 5 is determined in a self -aligning manner 
by exposing the gate electrode 2 from the back surface, as well as 
the embodiment shown in Fig. 4. 
[0087] 

The gate insulating film 3 is made from a lamination layer of 
the SiO x film 3c, the SiO x N y film 3d, and the SiN x film 3e, which provides 
same effects as the embodiment illustrated in Fig. 5. 
[0088] 

In any embodiments as set fourth above, the yield can be 
increased, which leads to the reduction in the manufacturing cost. 
In addition, the characteristics of the thin film transistor 11 are 
stabilized, which permits use under the stricter driving conditions. 
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[0089] 

Note that, in the above-described embodiments, the liquid 
crystal display device is described* However, the present invention 
can be applied to an a-Si adhesion sensor and the like, 
[0090] 

[Effect of the Invention] 

According to the present invention, since the silicon oxynitride 
film and the silicon nitride film is used as the gate insulating film 
and the silicon nitride film is in contact with the non-single crystal 
silicon, the silicon oxynitride film is superior in the insulation 
property. Further, the improvement of the effect of blocking impurity 
ions and the water-resisting property may also be expected. In 
addition, the silicon nitride film has the excellent interface 
property with the non- single crystal silicon, which permits 
improvement of the characteristics thereof. 
[Brief Description of Drawings] 

Fig, 1 is a cross sectional view showing a thin film transistor 
used for an active matrix type liquid crystal display element that 
uses an embodiment of the present invention; 

Fig. 2 is a cross sectional view showing a structure of the liquid 
crystal display device; 

Fig. 3 is a block diagram showing a plasma CVD device in which 
the liquid crystal display device is manufactured; 

Fig. 4 is a cross sectional view showing a thin film transistor 
used for an active matrix type liquid crystal display element of 
another embodiment of the present invention; 

Fig. 5 is a cross sectional view showing a thin film transistor 
used for an active matrix type liquid crystal display element of 
above-mentioned or another embodiment of the present invention; and 

Fig. 6 is a cross sectional view showing a thin film transistor 
used for an active matrix type liquid crystal display element of the 
above-mentioned or another embodiment of the present invention. 

[Description of the Reference Numerals] 

3: gate insulating film 

3a: silicon oxynitride film 

3b: silicon nitride film 

3c : silicon oxide film 

3d: silicon oxynitride film 

3e: silicon nitride film 

4: a-Si film used as an active layer 

11: thin film transistor used as a switching element 
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